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THE LIFE CYCLE OF STEGODEXAMENE ANGUILLAE N.G., N.SP., 
AN ALLOCREADIID TREMATODE FROM NEW ZEALAND 


By W. V. MACFARLANE, Department of Zoology, Canterbury College, Christchurch* 


(With Plate I and 16 Figures in the Text) 


In both species of fresh-water eel found in New 
Zealand (Anguilla dieffenbachii Grey, 1842 and 
A. australis schmidtii Phillipps, 1926), specimens of 
an allocreadiid trematode occur. The adults live in 
the anterior third of the intestine of eels longer than 
35 cm. (c. 7 years old). The gastropods Potamopyrgus 
antipodum and P. badia are the primary hosts, while 
the small fish Gobiomorphus gobioides and Galaxias 
brevipennis are the secondary intermediate hosts. 
Acryptogonomid, Telogaster opisthorchis Macfarlane, 
1945, infests the posterior two-thirds of the intestine 
of the eels, and follows its life cycle through the same 
hosts as the present species. 


ADULT ANATOMY OF STEGODEXAMENE 
ANGUILLAE ng., n.sp. (Text-fig. 1) 


Colour, opaque pale yellow. Shape, cylindrical, 
slightly tapered anteriorly and posteriorly, and 
flattened ventrally. Size (measured on specimens 
killed in 10 % formaldehyde at boiling-point, which 
gives very uniform results) 2-2-4-1 mm. long x 
0-48-0-72 mm. wide when mature. Smaller and 
immature specimens without eggs are frequently 
found. Cuticle is latticed with minute spines (0-005 
mm. long), decreasing in size posteriorly, where there 
is little need for friction. A set of hyaline oxyphil 
glands opens through the cuticle and extends 
posteriorly to the acetabulum and more sparsely as 
far as the ovary. The mouth is subterminal and ven- 
tral, and the oral sucker is spheroidal, 0-18—0-20 mm. 
diameter, and slightly smaller than the acetabulum, 
which is 0-20—-0-24 mm. The acetabulum is situated 
one-quarter of the total length posterior to the oral 
sucker. There is no prepharynx. At rest the pharynx 
is spheroidal, 0-03—0-04 x 0-04—0-06 mm. The oeso- 
phagus is 0-24—0-50 mm. long, and extensile, exhibi- 
ting powerful peristaltic waves in both directions. 
A short distance anterior to the acetabulum the 
caeca branch from the oesophagus and continue 
laterally as narrow tubes, 0-03 mm. wide, to the hind 
end. Their epithelium is composed of cuboidal cells, 
many of which contain clear vacuoles like those in 
goblet cells. There is a thin layer of circular and 
longitudinal muscles outside the digestive epithelium. 

Dorsally to the oesophagus lie two ganglionated 
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lobes of nerve tissue which send branches forward to 
the oral sucker, whilst posteriorly the lobes taper and 
pass towards the ventral and lateral surfaces as nerve 
cords. The remnants of the eye spots of the cercariae 
persist in mature adults as scattered pigment 
granules lying just beneath the dorsal cuticle, above 
the ganglia, though not visibly connected with them. 
The degree of scattering of the granules increases as 
the trematode grows. 

The excretory bladder is long and extends from 
the level of the acetabulum, or sometimes from the 
bifurcation of the caeca, along the mid-line to the 
posterior end where it opens slightly dorsally. A 
sigmoidal twist is forced upon it as it passes between 
the testes. It lies dorsally to the vasa deferentia and 
uterus. The epithelium of the organ is very thin, and 
contractability is provided by a wide-spaced net of 
muscles reticulated at right angles. A sphincter, 
0-03 mm. long, with thick walls of muscle allows 
periodic emptying of the excreted material. Fluid 
may be forced back by gentle pressure into the two 
collecting tubes which enter one on each side of the 
vesicle, one-third of its length from its anterior end, 
just behind the ovary. The collecting tubes seem, 
therefore, to have no sphincter at their entrance to 
the vesicle. At the level of the genital pore the main 
tubes narrow to half their diameter and branch into 
two. One branch goes forward to the oral sucker, and 
the other remains closely in contact with the main 
tube as it continues backward. Forty-two flame cells 
have been counted, but it is difficult to know whether 
this is the total number. 

The testes are very nearly spherical (anterior 
0-17—0-20 mm., posterior 0-19—0-21 mm.). Although 
a close study has not been made of the matter, it 
appears that the spermatocytes have a diploid 
chromosome number of 28. The testicular membrane 
is drawn out from the anterior edges of the testes to 
form the vas deferens. The vasa enter the vesicula 
seminalis separately, though in some specimens there 
is fusion immediately before entering. The cirrus sac, 
0-25-0-40 mm. long, usually curves round the right 
side of the acetabulum, in a compressed specimen. 
Tn life it is free, however, dorsal to the acetabulum. 
It extends from just behind the acetabulum to 
open anteriorly on the genital pore which lies 
ventrally and slightly to the left of the mid-line 
between the acetabulum and the branching of the 








0-5 mm. 








Text-fig. 1. Adult Stegodexamene, ventral view. 

Text-fig. 2. Ovarian genitalia seen from the ventral 
side. 

Text-fig. 3. Follicle group. 


Text-fig. 4. Section through the metraterm to show the 


thick muscle walls and metraterm lobules. 





Text-fig. 5. Intromittent organs viewed from dorsal side. 
Text-fig. 5a. A prostate cell filled with granular secretion. 


Text-fig. 6. Egg from uterus. 

Text-fig. 7. Miracidium in the egg. 

Text-fig. 8. Miracidium containing motile ger 
(redia?). 
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gut. Inside the cirrus sac are the intromittent organs. 
The first unit, into which the vasa lead, is the thin- 
walled vesicula seminalis where a store of sperm is 
maintained. It is muscular and a constriction is often 
maintained at the mid-point. Between the cirrus sac 
and the vesicula seminalis there are many prostate 
cells with granular cytoplasm, which open on to the 
pars prostatica of the cirrus. Most of the glands are 
at the posterior end of the cirrus sac, and long ducts 
lead from them to the pars prostatica. Both the cells 
and the ducts are filled with granular secretion. In 
this respect, and in the possession of a large nucleus, 
these cells resemble the penetration glands of the 
cercaria, the Mehlis’s glands of adults and the cells at 
the exit of the metraterm and cirrus of the adult. 
A narrow neck connects the vesicula seminalis with 
the bulbous pars prostatica, which likewise narrows, 
to form the cirrus. The cirrus is thick-walled and 
muscular, so that it can be thrust out some distance. 

The ovarian system (Text-fig. 2) lies asymmetri- 
cally to the right of the mid-line. The ovary is nearly 
spherical, 0-15—0-18 mm. diameter. From it the ova 
are forced down by the muscular oviduct to the 
entrance of the receptaculum seminis. Laurer’s 
canal opens opposite the receptaculum so that the 
oviduct runs at right angles to the line of the Laurer’s 
canal and receptaculum. The external opening of the 
canal is in the mid-line, dorsally. Laurer’s canal is 
muscular and is able to expand laterally to three 
times its normal diameter. It is made up of an outer 
layer of muscle fibres and an inner irregular epithe- 
lium. This epithelium does not extend into the 
receptaculum, which has only a simple membrane, 
with a few nuclei widely separated. Spermatozoa 
have been found in the canal and outside its opening 
on the mid-dorsal surface. 

Cilia beat down the oviduct and backwards along 
the uterus towards the receptaculum. They have a 
metachronal beat of short wave-length so that rip- 
ples pass rapidly backwards towards the Laurer’s 
canal. Into the ciliated region of the uterus, the yolk 
reserve opens, alittle anterior to the place of fertiliza- 
tion at the opening of the receptaculum. The distal 
part of the reserve chamber’s wall is ciliated and 
mus¢::'e7° so that follicle cells are forced down and 
sperm ; snted from passing up. From each side, 
dorsally, a thin follicle-collecting tube opens into the 
yolk reserve. Follicle cells are forced peristaltically 
along the collecting tubes one by one till about 
thirty are packed into the reserve. The follicles are 
formed in enclosed groups of six or eight in the 
vitellarium. The region between the body wall and 
the caeca on each side is occupied by the vitellarium, 
which extends from the level of the ovary to the 
posterior end of the body. 

The vitelline or follicle cells, 0-009 mm. diameter, 
are as large as the ova. Their nuclei are about one- 
sixth of the total volume of the cell, whilst the 


cytoplasm is coarsely granular through the accumu- 
lation of yolk and shell-forming granules. 

Beyond the base of the yolk reserve, and beyond 
the cilia of the uterus, is the fringe of Mehlis’s glands. 
The uterus is thickly muscular in that region. All the 
parts work together so that the fertilized ovum is 
forced along the uterus to the yolk reserve where it 
is surrounded with follicles, usually ten, and almost 
synchronously they are covered by a pale, later red- 
brown, sclerotin secretion from the vitelline cells. 
The shell remains plastic for some time, and as it 
hardens it becomes brown probably by oxidation 
of polyphenol to quinone—Stephenson (1947a). The 
mature egg is 0-055 x 0-086 mm. The first division of 
the ovum occurs in about the sixth egg along the 
uterus after the shell has been sealed off and has 
changed from its plastic hyaline quality to a brown 
tough membrane. Further along the uterus the 
blastula can be seen faintly in the midst of the 
opaque yolk. Since there are no more than 10—25 eggs 
in the uterus, the passage of the egg through the 
uterus may be rapid, unless Stegodexamene is not as 
prolific as most trematodes. The uterine coils lie 
anterior to the ovary between the caeca, on the 
ventral surface. The metraterm passes dorsally 
behind the acetabulum to open on the genital pouch 
to the left of the cirrus. Around the thick vulva of 
the metraterm, immediately below the surface, are 
10-12 large lobes arranged in a semicircle (Text- 
fig. 4). Faint granulation occasionally appears in 
these bodies, but usually they are clear and without 
definite nuclei. In the hyaline nature of the cyto- 
plasm they are notably different from most gland 
cells in trematodes and their function is not evident. 

A set of gland cells is diffused in a festoon towards 
the left side of the body. They are best seen in the 
metacercariae, where they resemble prostate glands. 
These are the ‘ Begleitzellen’ of Looss. Their ducts 
open at the tips of the metraterm and the cirrus 
(Text-fig. 5). None of the cells of these glands stains 
with dilute neutral red so that they are not com- 
parable with the penetration cells of the cercaria, 
although the secretion of both types of cell is similar 
in appearance. 


TAXONOMY 


The systematic position of this trematode is: 
Suborder: Prostomata Odhner, 1905. 
Superfamily: Dicrocoeloidea Faust, 1929. 
Family: Allocreadiidae Stossich, 1904. 

Genus: Stegodexamene n.g., anguillae n.sp. 

The Allocreadiidae have been divided into a 
number of subfamilies. Dawes (1946) lists only one 
subfamily with aspinous cuticle—the Lepocreadiinae 
Odhner, 1905. Yamaguti (1934), however, decided 
that Aephnidiogenes Nicoll should be included in a 
separate subfamily, and this reasonable suggestion 
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added a second subfamily of spinous forms. The 
third subfamily is Horatrematiinae Srivastava, 1942. 
Stegodexamene resembles Aephnidiogenes, but differs 
in the following respects: Stegodexamene is a fresh- 
water parasite; not marine. The cirrus pouch of 
Stegodexamene encloses the whole of the vesicula 
seminalis instead of only half, and there is no marked 
convolution of the vesicula seminalis. The pars 
prostatica is well developed. The excretory vesicle 
extends forward to the intestinal bifurcation instead 
of only to the testis level. There is no prepharynx and 
the testes are small and globular. The structure of the 
cirrus pouch and vesicula seminalis is sufficient to 
place Stegodexamene in a different genus from 
Aephnidiogenes. From Lepidapedon Stafford, 1940 
(Miller 1941), the most closely related of the Lepo- 
creadiinae, Stegodexamene differs in not having a long 
prepharynx, a constricted cirrus pouch nor a smaller 
ventral than oral sucker. The characteristics of the 
alimentary and male reproductive systems require a 
separation of these forms at the generic level at least. 
A further difference is that the Lepidapedon cercaria 
has a Y-shaped excretory vesicle and Stegodexamene 
a saccular vesicle. 

From Horatrema of the Horatrematiinae, Stego- 
dexamene differs in that it has a left-sided genital 
pore, not one opening on the right, a short enclosed 
seminal vesicle, not a long vesicula seminalis externa, 
a regular, not an asymmetrical, vitellarium, and a 
cylindrical body rather than the pear-shaped body 
of Horatrema. The adult is related to the Plagior- 
chiidae but differs in the cercarial stage. Stegodexa- 
mene has, thus, characteristics distinct from or inter- 
mediate between those of the three subfamilies 
considered. It falls into a new generic category which 
is most closely affiliated with the Aephnidiogene- 
tiinae. Yet the enclosure of the vesicula seminalis in 
the cirrus pouch, the large pars prostatica, the 
spherical testes, the body size and the fresh-water 
habitat suggest that the genus belongs to a new sub- 
family, on the criteria used for subfamilial dif- 
ferentiation in the Allocreadiidae. 


GENERIC DIAGNOSIS 


Small spinous fresh-water parasites. Cylindrical. 
Suckers nearly equal in size. Prepharynx very short, 
oesophagus narrow and long. Caeca narrow, ex- 
tending to posterior extremity. Testes spherical and 
oblique in position. Cirrus pouch covering con- 
stricted seminal vesicle, and pars prostatica well 
developed. Excretory vesicle sacular, extending to 
acetabulum. Ovary spheroidal and right pretesti- 
cular. Uterus pre-ovarian, and intercaecal metraterm 
muscular with hyaline bodies at termination. 
Common genital pore opening slightly to left of 
acetabulum. Vitellaria lateral, extending from the 


ovarian level to the posterior end. Eggs 10-30, fairly 
large, operculate. Cercaria trichocercous. 


MIRACIDIUM 


It was on miracidia hatched from progenetic eggs 
that the following observations were made. Eclosion 
is brought about by the characteristic trematode 
contractions and extensions of the body of the 
miracidium pushing up the operculum rather than 
by the motile power of the beating cilia. 

Once free of the egg the miracidium swims rapidly 
towards the light and often to the surface, revolving 
slowly on its long axis (Text-figs. 7, 8). The body is 
oval in shape with distinct shoulders at the level of 
the eye-spots. When relaxed it is 0-092 mm. long 
x 0-05 mm. wide. At the anterior end, a blunt but 
mobile trebratorium (Rees, 1940) is active while the 
miracidium swims. Beside the trebratorium are the 
openings of the apical glands, which usually contain 
fine granular matter. There is asensory papilla on the 
shoulders, a quadrant distant on each side from the 
apex. 

The markings of five rows of ciliated ectoderm 
cells are visible, but the number of cells in each row 
has not been completely counted. The length of the 
cilia is 0-0074 mm., and they beat backwards 
metachronally. 

The pair of eye-spots lies on a clear mass of ganglion 
immediately behind the glands. Each of these optical 
organs is oval, 0-006 x 0-007 mm., and the two are 
apposed to each other in the mid-line. The distance 
between them varies, however. A hyaline lens-like 
body rests usually in a slight hollow on the antero- 
lateral face of each eye-spot; but its size and position 
are not constant. 

Two flame cells, 0-005 mm. long, are present, one 
on each side of the germ mass. 

Most of the hind body is occupied by the germ 
mass, which in some specimens appears as a vesicle 
with irregular walls, in others as a solid sphere. It is 
remarkable that some of the germ masses are suffi- 
ciently organized to be able to perform movements 
inside the miracidium similar to those of a redia (cf. 
Rees, 1940). This germ body is able to thrust aside 
the parenchyma as it moves forward, which demon- 
strates that muscles are well formed; but no other 
internal structure can be seen in the germ mass. 
Presumably it is the parent sporocyst or redia. 
Within the active miracidium it lives as a semi- 
independent body. The miracidium of Stegodexamene 
is thus viviparous in a similar manner to a sporocyst 
or redia which produces cercariae. 


REDIA 


The fresh-water gastropods Potamopyrgus antipodum 
(Gray, 1843) and P. badia (Gould, 1848) both harbour 
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the redial intermediate stages in the South Island of 
New Zealand. In the North Island P. corolla replaces 
P.badiaas host. Stegodexamene rediae are not found, 
as far as is known, in Diplodon or Corneocyclas novae 
zelandiae (Eulamellibranchiata) or in Isidora anti- 
podea, Limneaalfredi and Myxas arguta(Pulmonata). 
The rediae have been found most commonly in 
molluses from the less rapid rivers or lake waters 
(Macfarlane, 1939). 

Stunkard (1930) and Cable (1934) have both been 
unable to find sporocysts in the life cycle of Crypto- 
cotyle (an allocreadiid). For this reason Stunkard 
suggested that the sporocyst either did not exist or 
was very easily disintegrated, each fragment giving 
rise to a redia. Personal observations on several 
thousand specimens of Potamopyrgus are similar to 
those of Stunkard. Nothing that might be suspected 
of being a sporocyst has been seen, though a number 
of young rediae only 0-28 mm. long have appeared. 
On the other hand, no rediae have been found in 
which daughter rediae were being produced. Since 
forty or more mature rediae appear in one host, the 
early stage must proliferate rapidly. Probably if it 
exists the sporocyst is to be found in the younger 
molluscs, and it disappears when a single brood of 
rediae has been liberated. 

The youngest stage of Stegodexamene found in the 
snail was a redia in which there were no traces of 
cercariae (Text-fig. 9). In these specimens the gut 
occupied nearly all the body cavity. There was a 
paired excretory system with four flame cells on each 
side. 

Mature rediae measure 0-85 x 0-2 mm. and contain 
10-25 cercariae. They are sac-like bodies, without 
procruscula. Anteriorly there are large flaccid lips, 
leading to the pharynx, 0-06—0-08 mm. in diameter, 
which is an organ of locomotion and ingestion. The 
alimentary sac, 0-13 mm. long, is confined to one side 
of the anterior end of the redia, the side opposite the 
birth pore. The birth pore is seen easily only at 
parturition, when it appears as a contractile flanged 
opening, which constricts the cercaria considerably 
as it escapes. 

The redial excretory system is formed from two 
sets of tubules in the body wall. The major tubules 
branch from labyrinths, located near the exit pores 
and vesicles. Ten flame cells to each side have been 
seen, but that number may not be the full com- 
plement. 


CERCARIA 


Stages in the development of the cercaria of Stego- 
dexamene are seen in the mature redia. The germ 
masses increase in size till at 0-1 mm. in diameter a 
stub of tail is segregated from the main body. At that 
stage the embryo is able to move. The oral sucker and 
pharynx appear early and are followed by the eye- 
spots, faint grey accretions of pigment. Then follow 


definition of the acetabulum, of a club-shaped mass 
of cells to form the excretory vesicle, and of the gut 
(Text-fig. 13). Synchronously the penetration glands 
appear and the cuticle of the tail forms lateral 
processes which develop into bristles. Four cells on 
each side differentiate as penetration glands. They 
arise from cells which resemble the common cells of 
the parenchyma—cells which may be called forma- 
tive cells because of their similarity to those so named 
in Triclads by Curtis (1933). They are spheroidal 
cells with a large nucleus and nucleolus. Ordinarily 
such cells are 0-01 mm. in diameter, but eight cells 
resembling them in morphological detail and in 
staining, grow to 0°24 mm. in diameter, in the 
positions of the penetration glands at this stage at 
which spines form in the cuticle of the body. 

Subsequent development takes place in the 
digestive gland or in the haemocoele of the mollusc 
The sequence of changes is the full pigmentation of 
the eye-spots, the growth and function of the 
penetration glands and then the increase in size of 
the excretory bladder. Before the cercaria leaves the 
molluse the bristles of the tail grow to their full 
length. 

The order of development of organs may be sum- 
marized as: tailstump, then oral sucker and pharynx, 
eye-spots, acetabulum, excretory vesicle, penetra- 
tion glands, caeca, cuticular spines, and last, tail 
bristles. 

The cercaria that has left the mollusc and is ready 
to penetrate the fish intermediate host, has the fol- 
lowing structure. It is a trichocercous cercaria 
(Lithe, 1909). When contracted the body is 0-22 mm. 
long x 0-13 mm. wide; the tail 0-31—0-37 mm. long, 
the acetabulum 0-053 mm. in diameter and the oral 
sucker 0-051 mm. in diameter. The cuticle is set with 
small spines which are most strongly developed down 
to the level of the eye-spots, after which they are 
entirely buried in the cuticle. The annulated cuticle 
of the tail is drawn out into thirty-seven or thirty- 
eight flattened bristles on each side. The number of 
double bristles is variable, but usually the first 
twenty or twenty-five are paired, each member of the 
pair being 0-005 mm. wide and 0-09 mm. long. Those 
that are single are wider at the base, 0-007 mm., but 
of the same length as the pairs. The last six bristles 
are, however, shorter and narrower. Finally, the 
terminal median bristle is short but wide, 0-072 x 
0-007 mm. 

The cercaria usually swims backwards (Text-figs. 
15, 16). There are two fixed points in the swimming 
movement: one in the region of the eye-spots, the 
other two-thirds of the length of the tail from its 
attachment. In swimming the body is contracted 
and flexed ventrally, while the region behind the 
ganglia oscillates laterally. When the rear of the body 
is to the left the tail is bent like a sickle with the tip 
tothe right. Force is exerted against the water when 


Text-fig. 9. Young redia 0-3 mm. long with only four 
flame cells to each side. 

Text-fig. 10. Mature redia 0-9 mm. long. 

Text-fig. 11. Stegodexamene cercaria with twelve penetra- 
tion glands. Details of theexcretory system areshown. 

Text-fig. 12. Enlarged lateral view of the tail. The 
bristles point posteriorly, and show a transition from 
single to double bristles. 





Text-fig. 13. Young cercaria, showing the rudiments of 
the penetration gland cells and bristle rudiments of 
the tail. 

Text-fig. 14. Fully grown cercaria, dorsal view. The tail 
bristles are completely formed. The normal eight 
penetration glands are shown. 

Text-figs. 15, 16. Swimming posture of cercaria. 
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the curve straightens out and crosses to the other 
side. The total effect of rapid movement is like a 
figure of eight with the waist at the fixed point near 
the end of the tail. In this set of movements it is 
difficult to see what function the bristles have. They 
hang fairly loosely to the side, pointing posteriorly 
and it would seem that if anything they would tend 
to drive the cercaria forwards. It swims actively 
upwards and downwards in waves, but it shows no 
marked attraction to light in spite of its eye-spots. 

During much of the time these cercariae loop along 
the substratum by means of the oral and ventral 
suckers. 

The whole of the alimentary system is formed in 
the mature cercaria. The oral sucker, opening sub- 
terminally, leads to pharynx, oesophagus and caeca. 
In proportions these organs are similar to those of the 
adult, except that the caeca are much shorter, for 
during the development from the cercaria to the 
adult, relative growth is greater behind the aceta- 
bulum than it is anteriorly. 

A large lobe of clear nerve tissue lies to each side 
of the oesophagus, dorsally. In the centre of each 
ganglion, beneath the dorsal cuticle, rests a pigment 
sphere, 0-012—0-015 mm. in diameter, composed of 
neatly compacted spherules. 

The acetabulum, 0-053 mm. in diameter, is slightly 
larger than the oral sucker, and when the animal is 
contracted in life, it lies 0-06 mm. from the anterior 
end. On each side of the acetabulum, towards the 
dorsal surface are (usually) four penetration glands 
each 0-04 mm. long. There are thus eight of them 
altogether. When 1:500,000 solution of neutral red 
is used intra vitam the secretory products, both in 
the cells and in the ducts, stain as red granules 
(Stunkard, 1930). The nucleus is not stained. The 
ducts of the glands continue forward as a close-joined 
group of four on each side, to open in front of, there- 
fore dorsally to, the mouth. In many cases there are 
in appearance more than eight gland cells, but this 
is due to the formation of deep grooves in the cyto- 
plasm of the cells. Nevertheless, a few cercariae were 
quite certainly of a variety possessing twelve nuclei 
and therefore twelve penetration glands. But eight 
cells may be taken as generally specific. 

The excretory system (Text-fig. 11) is essentially 
that of the adult. The excretory vesicle extends to 
the acetabulum and opens through the upper end of 
the tail. It is lined with an irregular cuboidal epithe- 
lium. One-fifth of its length from the anterior end of 
the vesicle, the main collecting tubes enter. Each of 
these is branched at the level of the ganglia into an 
anterior and a posterior tube, as in the adult. So far 
the finer ducts have not been followed, but the flame 
cells, 0-005 mm. long, are grouped on one side as 
follows: there is a triad to the side of the oral sucker, 
another three lie between the ganglion and the 
penetration glands, and there are fifteen flame cells, 


ending in a terminal triad, between the penetration 
glands and the excretory pore. Possibly this is the 
full pattern (2 x 21) but confirmation is necessary. 

The gonad rudiments appear as three masses of 
small cells often resting in the hollows of the waves of 
the excretory vesicle. No genital ducts are visible. 

This cercaria was already known to Prof. Percival 
from specimens taken by means of a tow net in Lake 
Sarah, before it was linked with the life cycle of 
Stegodexamene. 


METACERCARIA 


Both normally emerged and forcibly extracted cer- 
cariae have failed to penetrate pieces of secondary 
host tissue provided for them. Young unparasitized 
gobiomorphs, however, were exposed to cercariae and 
on autopsy 12 hr. later were found to have newly 
formed cysts in their tissues. The tailless cercariae 
revolved slowly in the hyaline film of cyst, 0-23 mm. 
diameter. The penetration cells were not reduced in 
size, and the cytoplasm of the parenchyma was the 
same as that of a free-swimming cercaria. 

There are four well-marked growth forms of meta- 
cercaria: 

(a) The recently encysted cercaria is enclosed in a 
hyaline cyst of its own formation, one layer thick. At 
this stage the penetration glands still persist and the 
body cells are complete. After several days of en- 
cystment the penetration glands are hardly stainable 
with neutral red, and they become emaciated. Thick, 
solid genital ducts form (PI. 1, fig. 1). A few vacuoles 
preliminary to metamorphosis appear in the paren- 
chyme cells and the suckers. 

(b) The cyst of the metacercaria becomes double 
layered by the addition of connective tissue cells of 
the host to the glassy primary cyst already secreted 
by the trematode. In cases where the cyst has been 
formed on the fin membrane of the host the cyst does 
not grow large. The metacercaria at metamorphosis 
has a diameter of 0-35 mm., and a fin cyst at that 
stage is 0-5 mm. in diameter, so that the secondary 
wall, formed earlier than on a cyst in the muscles, is 
0-07 mm. thick. Such encystment on the fin is com- 
mon in lake fish, but the cysts either fail to develop 
or are rubbed off before they reach a diameter of 
1-0 mm. Since the vascularization of the fin mem- 
brane is slight, the trematode probably suffers 
malnutrition. Pathological conditions in cysts on the 
fin membrane are indicated by the presence of 
crystals of an unknown substance in the space be- 
tween the cyst wall and the metacercaria. Encyst- 
ment that has taken place in the muscles or the 
gonads gives viable results, and the parasites grow to 
@ greater size. 

At the time of formation of the secondary cyst a 
metamorphosis of the cercaria takes place. This 
metamorphic stage is commonly found, so that it 
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probably persists for some time, although there is 
little larval apparatus to be lost other than penetra- 
tion glands. The metamorphosis is thus not so great 
in Stegodexamene as it is in Coitocaecum or Telogaster 
(Macfarlane, 1939, 1945), since most of the adult 
organs are already formed in the Stegodexamene cer- 
caria. Because the cercaria has all the essential organs 
of the adult it may be considered, relative to such 
forms as Telogaster, to have undergone acceleration. 
By this heterochronic process the adult characters 
are present in the larva. The chief changes of form at 
metamorphosis are the loosening of the pigment 
spherules of the eye-spots, the vacuolization of the 
parenchyma, the suckers and the wall of the excre- 
tory vesicle, and the reformation of the caeca and 
gonads. 

Minute opaque granules cover the tissue masses, 
which undergo a process similar to cytolysis. Such 
a condition persists till the length of the metacercaria 
freed from the cyst is 0-55 mm. 

(c) In post-metamorphic forms the cyst wall is thin 
in the muscle of young specimens of Gobiomorphus 
(bully); or thick and fusiform by the addition of 
secondary cyst in hosts over two years old (5 cm. 
long). Theelongated shape of the cysts arises from the 
orientation of the secondary cyst to the pressure of 
the host muscle. The cysts grow in the older fish so 
that their long axes are parallel with the line of 
tension of the muscle fibres and at right angles to the 
direction of compression. Thus, on the flanks (PI. I, 
fig. 4) the cysts lie dorsoventrally in the myotome, 
while in the longitudinal dorsal muscles they are 
orientated anteroposteriorly. Similar orientation to 
the muscle fibres is clearly seen in the masseter and 
the longitudinal muscles of the head. 

(i) Post-metamorphic stages of Stegodexamene 
metacercariae in the muscle of a young bully up to 
2 cm. long form a cyst 0-29 mm. in diameter. The 
primary cyst is structureless and thin (0-037 mm. 
thick). Thesphericalsecondary cyst arises from fibro- 
blasts which migrate from the epimysium of the sur- 
rounding muscles. At the periphery of the cyst the 
nuclei and nucleoli stain darkly, and the fibres, 
cytoplasm and nuclei lie parallel with the circum- 
ference of the cyst. There are several outer layers of 
these long flattened cells, then there is a transition to 
polygonal cells with round, lighter-staining nuclei. 
This secondary cyst is only about 0-030 mm. thick 
and it follows the contours of the spherical primary 
cyst. 

(ii) Histologically, a fusiform cyst from an adult 
6-5cem. bully in which orientation to the pressure of the 
muscles has taken place shows closely compacted 
fibrocytes lying on the outside of the cyst (PI. I, fig.2). 
At the shortest diameter of the cyst they are com- 
pressed to an elongated form throughout the thick- 
ness of the secondary wall. The wall at that point, on 
a cyst 0-67 x 0-48 mm., is 0-09 mm. thick. On the 


long axis of the cyst, the outer fusiform cells give way 
first to rhomboidal then to the inner regular poly- 
gonal cells with round nuclei. Between these cells 
and the primary cyst a mass of disorganized necrotic 
material is accumulated. A transition from the 
cytoplasm of the large cells to the amorphous mass 
takes place, and the nuclei also disintegrate. A 
number of small, basophil cells is present in this 
region, but there is none in the cysts from young 
bullies. 

Swimming in teleosts is carried on by the alternate 
lengthening and shortening of the myotome segments 
to flex and extend each side of the tail. When the tail 
is concave on the side in which the metacercaria lies, 
the muscle of that side is shortened. This produces a 
pressure on the cyst at right angles to the muscle 
fibres ; the ends of the cyst will be slightly compressed 
also. When the muscle is stretched in extension 
there is again pressure at the sides of the cyst at right 
angles to the body wall, but very little pressure acts 
on the ends of the cyst in the radius parallel with the 
strain. These forces will explain the compacted fusi- 
form cells on the sides of the cyst where there is 
almost constant pressure, and the large cells with 
much cytoplasm and round nuclei in the central 
region towards the ends where there is little pressure. 
The shape and size of the cells is a function of the 
incident forces. 

This phenomenon is comparable with Roux’s 
observation of the alinement of arteries, and the cells 
in the walls of arteries, to pressure; or with the 
development of the fine structure of bone in relation 
to stress. It is even more closely paralleled by the 
experimental orientation of tendon or muscle fibres 
to applied forces. ' 

Although it is easy to see how these cysts have 
taken the elongate form, the question of why only the 
larger bullies produce the effect is unanswered. It 
would appear that Galaxias and bullies over 6 cm. long 
are more intolerant to the parasites. The thickened 
cyst is not due to the length of time the cyst has been 
in the muscle, since even the recently penetrated 
metacercariae acquire cysts of the characteristic 
fusiform shape in the older fish. Similarly there is no 
evidence to indicate why Stegodexamene acquires the 
fusiform secondary cyst, while T'elogaster occurring 
in the same specimen has little secondary cyst. 

Inside the cyst at this stage the metacercaria 
reforms its organs and tissues. Anteriorly the spines 
are again visible, though behind the acetabulum they 
are ensheathed in the cuticle. There is usually a 
complete scattering of the eye-spot pigment. The 
genital ducts and the wall of the excretory vesicle are 
thin and muscular, where they were formerly com- | 
posed of large separate cells. There are no vitelline 
glands, but the seminal vesicles are well defined. 
Excretory spherules of a maximum diameter of 
0-005 mm. are retained in the vesicle (PI. I, fig. 5). | 
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Similar spherules have been observed in metacer- 
cariae of Telogaster. Clear spherical calcareous 
concretions were found by Brown (1931) in echino- 
stome cercariae and globular masses by Feldman 
(1941) and by Stephenson (19476). Stunkard (1932) 
noted the presence of globular bodies in a meta- 
cercaria. The possibilities suggested are that the 
globules are fatty or calcareous. 

In Stegodexamene metacercariae (not the cercariae 
or adults) it was found that the spherules (1-3 dia- 
meter) are hyaline and refractile. They are solid and 
can be fractured by pressure (Pl. I, figs. 5, 6). 
Alcohol, ether, chloroform and benzene fail to dis- 
solve any component. They are unaffected by strong 
alkalis at 20° C. Weak acids (oxalic, acetic, citric) 
dissolve the bluish solid with the evolution of gas, 
leaving a delicate pink matrix of undissolved material. 

The gas evolved is soluble in 10% KOH leaving 
about one fifth of its volume unabsorbed. The 
residue is probably oxygen and nitrogen brought out 
of solution by the evolved gas. Carbon dioxide is the 
gaseous component of the spherules. 

The material dissolved in 1% acetic acid gives 
a white precipitate with sodium oxalate. Sodium 
oxalate solution on the solid spherules causes them 
to become opaque and irregular. Crystals prepared 
by solution of the spherules in 0-01 N-sulphuric acid 
are similar to those of calcium sulphate. From these 
observations it appears that the main constituent of 
these excretory globules is calcium carbonate. 

(d) Thestage (c) last described grades imperceptibly 
into stage (d) which consists of progenetic individuals. 
In a typical example of these the secondary cyst is 
1:30 mm. in diameter, the diameter of the primary 
cyst 1-10 mm., and the length of the trematode when 
removed from the cyst, 3-5 mm. Progenesis usually 
occurs in cysts (not subject to pressure), in the gonad 
of the host though the mesenteric fat or the skin of 
the maxilla may contain them. They are usually 
found in hosts 3—4 em. long. 

Progenesis has been observed by various authors; 
among them Sinizin (1905) and Dollfus (1924) in 
Pleurogenes medians; Dollfus (1938) in Coitocaecum; 
Fuhrmann (1928) in Astacotrema cirrigerum; Hick- 
man (1934) and Macfarlane (1939) in Coitocaecum 
anaspidis and Macfarlane (1945) in Teleogaster 
opisthorchis. Dollfus in 1913 named the process from 
his observations on stumpy-tailed cercariae. In most 
large Stegodexamene metacercariae in the autumn, 
the ovary matures earlier than the testes. The ova 
begin cell division, probably by diploid partheno- 
genesis, in the uterus. These metacercariae, which 
show ovarian progenesis, have contained no sperm in 
the testes, in the vesicula seminalis nor in the 


receptaculum seminis. It is improbable that 
fertilization has taken place. The egg, with properly 
formed shell and yolk, segments in the uterus and 
passes out into the cyst—140 to 160 eggs of different 
degrees of development may be present in each cyst. 
Frequently the eggs are ingested by the metacer- 
caria. No digestion takes place, but there is no 
evidence that ova remain alive in the intestine of the 
metacercaria. 

Besides ovarian progenesis, there is occasional 
testicular precocity in Stegodexamene. Brown (1927) 
noted that some young adult specimens of Orepido- 
stomum farionis produced sperm before eggs. Some 
Stegodexamene metacercariae taken in August 
(Spring) showed a comparable condition. The tails of 
the sperm were visible in the testes, and the vesicula 
seminalis was filled tightly with semen, but eggs 
were not being formed. 

The interest of these observations is the evidence 
they afford of the separate regulation of the ovary 
and the testis. One may produce its mature products 
without the other, or they may mature progeneti- 
cally together before the trematode reaches the final 
host. 

Progenetic individuals are distinguished from 
younger metacercariae by the full development of the 
prostate, the shell glands and the ‘ Begleitzellen.’ The 
vitellarium is not densely aggregated, but the fol- 
licles are of normal size. The gut is filled with a yellow 
chyle which stains a basic red with neutral red, 
indicating an enzyme production not present in 
young stages (Koehring, 1930). These specimens are 
indistinguishable from the adults found in the in- 
testine of the eel. 


SUMMARY 


1. A new genus of trematode (family Allocre- 
adiidae) from the intestine of freshwater eels is 
described, and named Stegodexamene anguillae. 

2. The genus is related to Aephnidiogenes, Lepi- 
dapedon and Neophasis, but differs significantly from 
each of them. 

3. The life cycle followed is from the adult in 
Anguilla dieffenbachii to the redia in Potamopyrgus 
antipodum (fresn-water gastropod). The cercaria 
encysts in the eloetrid fish Gobiomorphus gobioides. 

4. Progenetic production of eggs and spermatozoa 
occurs in the metacercariae. 

5. Metacercarial excretory spherules are composed 
of calcium carbonate. 


I am grateful to Professor E. Percival, Canterbury 
University College, for his generous encouragement. 
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EXPLANATION OF PLATE I 


Fig. 1. Freshly encysted Stegodexamene cercaria removed 
from the cyst. Dorsal view. Penetration glands persist 
but the gonads and their ducts are not fully differen- 
tiated. 

Fig. 2. Transverse section of cyst from a bully 7 cm. 
long, the section being taken at the position marked in 
3 by the transverse line. The transition from fusiform 
to polygonal cells is illustrated. 

Fig. 3. Sagittal section of metacercaria from a 7 cm. 
bully, showing the lateral compression of the con- 
nective tissue cells and the dissolution of the median 
cells. 


Fig. 4. Diagram of the flank myotomes of 7 cm. Gobio- 
morphus to illustrate the orientation of Stegodexamene 
metacercariae to the muscle fibres. The absence of 
secondary cyst in Telogaster is shown. 


Fig. 5. Photomicrograph of calcium carbonate spherules 
from the excretory vesicle of a metacercaria. x 666. 


Fig. 6. Fracture lines, both concentric and radial, in the 
spherules of calcium carbonate. x 666. 


Fig. 7. Mature metacercaria, showing excretory vesicle 
distended with calcium carbonate spherules. 


Key to lettering on Plate 


D.F. dorsal fin; EZ. epimysium; F.C. fusiform fibrocytes; 
M.muscle; MY.myotome; N. necrosis; N.C.D. necrotic 


cell debris; P.F. polygonal fibrocytes; P.S. plane of 
section (fig. 2); S. Stegodexamene; T'. Telogaster. 


Key to lettering on Text-figs. 1-16 


A. acetabulum; A.G. accessory glands; AP.G. apical 
gland; B.P. birth pore; C. cirrus; C.G. cuticular glands; 
C.P. cirrus pouch; C.S. cirrus sac; D. ducts; D.B. double 
bristle; E. eyespot; E.P. excretory pore; E.V. excretory 
vesicle; F.C. flame cell; G. gut; GA. ganglion; G.C. 
germ cells; GL. ‘glands’; G.P. genital pore; L. ‘lens’; 
L.C. Laurer’s canal; \M. metraterm; M.G.. Mehlis’s 
glands; M.L. metraterm lumen; M.R. mobile redia; 


O. ovum; OP. operculum; O.S. oral sucker; P. pharynx; 
P.G. penetration glands; P.G.R. penetration gland rudi- 
ment; P.R. pars prostatica; PR.G. prostate glands; 
R.S. receptaculum seminis; S.B. single bristle; S.P. 
sensory papilla; 7’. testis; U. uterus; V. vitellarium; 
V.D. vitelline duct; V.DE. vas deferens; V.F. vitelline 
follicle; V.S. vesicula seminalis; Y.R. yolk reserve. 


(MS. received for publication 28. vit. 1948.—Ed.) 
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ON AVIAN CESTODES OF THE FAMILY DILEPIDIDAE 
FUHRMANN 1907, COLLECTED IN BURMA 


By L. N. JOHRI, Zoological Department, University of Delhi 


(With 6 Figures in the Text) 


The material which forms the basis of this paper was 
obtained from the birds shot at Lashio, Upper 
Burma, in October 1941. I am greatly indebted to 
Prof. F. J. Meggitt for his help at Rangoon, in spite 
of his busy time owing to active field service at 
that period in Burma, and also for the use of his 
extensive private library before the general evacua- 
tion of 1942. 


Family DILEPIDIDAE Fuhrmann, 1907 
Subfamily DrpyiipmnaeE Stiles, 1896 
Eugonodaeum Beddard, 1913 


The genus Eugonodaeum wasestablished by Beddard 
in 1913 with the type-species Eugonodaeum oedicnemi. 
Two more species, Z. ganjeum Johri, 1934, and Z#. 
reatifrontosa Johri, 1934, were added. The author 
(1934) had also pointed out the difficulty of the 
separation of the genus Unciunia Skrjabin, 1914, 
and all the three species of the genus JL. tricho- 
cirrosa (Skrjabin, 1914), Hugonodaeum acapillicirrosa 
(Moghe, 1933) and E. sudanea (Woodland, 1928) were 
listed under Eugonodaeum. 

Unciunia travassosi was added by Ortlepp in 1938, 
wherein he describes the presence of cirral hairs but 
has not been able to find out the characteristic 
chitinous spine from the base of the cirrus. The 
female organs, which were poorly described in 
Skrjabin’s original form, are fully developed in this 
(Ortlepp’s) form but do not show any difference or 
peculiarity worthy of generic rank. The presence of 
the cirral hair, in view of so many other characters, is 
not considered to be of sufficient importance to place 
it in a separate genus. Two more new species, 
Eugonodaeum burmanensis n.sp. and E. bybralis 
n.sp., are described in the present paper where cirral 
hairs and the characteristic chitinous spine arising 
from the base are completely wanting. It is, therefore, 
justifiable to consider the genus Unciunia asynonym 
of Eugonodaeum; consequently the proper designa- 
tion of Ortlepp’s form is EZ. travassosi (Ortlepp, 1938). 


Eugonodaeum burmanensis n.sp. 


Host: Charadrius placidus Gray, 1863. 

Locality : Uashio, Upper Burma. 

The parasites were found in the intestine of the 
four birds shot. Twenty-seven complete cestodes 


were collected. No.other parasites were available 
from these birds. 

Greatest length 24 mm.., greatest breadth 0-42 mm. 
Scolex well developed, 0-205 mm. in maximum dia- 
meter and 0-145 mm. in length. Rostellum pro- 
truding out of the scolex anteriorly, 0-035 mm. in 
maximum diameter. Rostellar hooks absent. All 
the specimens were examined and no rostellar hooks 
were found. A rostellar pouch present, 0-115 mm. 
long and 0-046 mm. broad, extending below the 
lower margin of the suckers. Suckers occupying a 
comparatively large part of the scolex, 0-096 mm. in 
maximum diameter. Acetabular hooks absent. 
Genital pore irregularly alternates in the anterior 
third of the proglottis margin. Genital cloaca present 
and provided with well-developed musculature. 
Genital ducts pass between the longitudinal excre- 
tory vessels. Cirrus sac, 0-215—0-25 x 0-023—0-032 
mm., crossing ventral longitudinal excretory vessel 
obliquely directed towards the aporal ventral longi- 
tudinal excretory vessel and touching it, in some 
cases even extending beyond it; also in some in- 
stances its aporal end is directed towards the anterior 
border of the proglottis and even touches it. Cirrus 
well developed. Vas deferens greatly coiled, a few 
loops twisting around the distal half of the cirrus sac. 
Testes 15-20, mostly posterior to ovary, but a few 
between the ovary and ventrallongitudinal excretory 
vessel, and a few anterior to ovary; always lying 
between the ventral longitudinal excretory vessels. 
Ovary compact with small lobes produced irregularly, 
situated slightly porally almost approaching poral 
ventral longitudinal excretory vessel. Uterus persis- 
tent and extending beyond the ventral longitudinal 
excretory vessels. 

The unilateral genital pores, together with the 
large size of the cirrus sac and the small number of 
testes, distinguish the new species from LE. oedicnemi 
Beddard, 1913. JZ. trichocirrosa (Skrjabin, 1914) is 
characterized by the typical disposition of the cirrus 
sac, its small size and the presence of the hair cluster 
with the chitinous spine at its base, and the large 
number of testes. Thus it is easily distinguishable 
from the present form. It is also separated from 
E. acapillicirrosa (Moghe, 1933) and EZ. travassosi 
(Ortlepp, 1938) by the smaller size of cirrus sac, and 
the large number of testes lying posterior to the 
ovary. The small cirrus sac and its peculiar position 








12 


parallel to the ventral longitudinal excretory vessel, 
and the possession of a large genital cloaca crossing 
the ventral longitudinal excretory vessel, clearly 
distinguish E. testifrontosa Johri, 1934, from the 
present form. The large-size cirrus sac, the greater 
number of testes and the position of the genital 
organs in L. sudanea (Woodland, 1928) show remark- 
able differences worthy of its separation. E.ganjeum 
Johri, 1934, which on a cursory examination, owing 


Avian cestodes in the Dilepididae 


Eugonodaeum bybralis n.sp. 


Host: Aquila vindhiana Franklin, 1831. 

Locality: Lashio, Upper Burma. 

Thirteen complete tapeworms were found in the 
intestine of three birds opened. 

Greatest length 19-6 mm., greatest breadth 
0-335 mm. Scolex well developed, 0-104 mm. in 
maximum diameter and 0-16 mm. in length. Rostel- 


Key to lettering on Figs. 1-4 


¢.8 cirrus sac; ¢. cirrus; g.c. genital cloaca; 1.v. longitudinal excretory vessel; ov. ovary; 1.8. receptaculum seminis; 
r. rostellum; r.p. rostellar pouch; s. sucker; ¢. testis; v. vagina; v.d. vas deferens; v.g. vitelline gland. 











0-1 mm. 


Fig. 1. Hugonodaeum burmanensis n.sp. Scolex. 
Fig. 2. Eugonodaeum burmanensis n.sp. Mature proglottis. 


to the oblique position of its cirrus sac, might be 
supposed to be comparable, is clearly separated by 
the absolute and relative size of the cirrus sac (cirrus 
sac not extending to or touching aporal longitudinal 
excretory vessel); large number of testes, together 
with their location, posterior to ovary; absence of 
genital cloaca and the extension of ovary from the 
longitudinal excretory vessel of one side to that of 
the other. Another form, Z. bybralis n.sp., may be 
distinguished and is described below. 


lum well-developed and protruding from the scolex 
in the prepared specimen, 0-037 mm. in maximum 
diameter. Rostellar hooks absent. A rostellar pouch 
present, 0-103 mm. long and 0-041 mm. broad, 
extending well past the lower margin of the suckers. 
Suckers situated at the anterior portion of the scolex, 
0-042-0-045 mm. in diameter. Acetabular hooks 
absent. Genital pores unilateral, always anterior to 
centre of proglottis margin. Genital cloaca repre- 
sented by a small and shallow depression. Genital 
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ducts pass between the longitudinal excretory ves- 
sels. Cirrus sac, 0-063—0-082 x 0-046—-0-052 mm., 
almost oval in shape and crossing the ventral longi- 
tudinalexcretory vessel. Cirrus present. Vas deferens 
greatly coiled and restricted anterior to ovary. 
Testes 60—65, situated posterior, anterior and lateral 
to ovary, almost filling the whole segment and en- 
closed between the ventral longitudinal excretory 
vessels. The ovary has a few irregular lobes, is located 
slightly porally and is always limited to the anterior 
half of the segment. A vitelline gland is present just 
posterior to ovary. A small shell gland is situated 
between the vitelline gland and the ovary. The 





0-05 mm. 





chitinous spine on the base of the genital cloaca in 
E.trichocirrosa only. E.acapillicirrosa (Moghe, 1933) 
approaches the present form in the number of the 
testes, but it is easily separated by the possession of 
a large cirrus sac and the complete absence of the 
testes anterior to ovary. LH. testifrontosa Johri, 1934, 
resembles the present form in the position of the 
testes, but it is easily separated by the smaller number 
of the testes, large genital cloaca, peculiar position 
of the cirrus sac parallel to the longitudinal excretory 
vessel, alternating genital pore, the absence of the 
testes in the extreme anterior poral region anterior to 
ovary and the central location of the ovary. 





Fig. 3. Hugonodaeum bybralis n.sp. Scolex. 
Fig. 4. Hugonodaeum bybralis n.sp. Mature proglottis. 


vagina opens by a narrow duct into the genital cloaca 
just posterior to the opening of the cirrus sac. 
Receptaculum seminis large and elongated. Uterus 
persistent but not fully developed. 

The possession of unilateral gential pores in the 
present form distinguishes it from all the species of 
the genus Hugonodaeum Beddard, 1913, except 
E. oedicnemi Beddard, 1913. The greater number of 
testes and the smaller size of cirrus sac in the present 
species separate it from EH. oedicnemi Beddard, 1913, 
E. trichocirrosa (Skrjabin, 1914), E. travossosi 
(Ortlepp, 1938), EZ. ganjeum Johri, 1934, E. burma- 
nensis n.sp., described in the present paper, and 
E. sudanea (Woodland, 1928). Of these, the second 
and the third species are further characterized by the 
presence of the cirral hairs, together with a peculiar 


Dilepis campylancristrota Wedl, 1855, 
Fuhrmann, 1908 


Host: Ardeola grayii Sykes, 1832 

Locality: Lashio, Upper Burma. 

Maximum length 9-5 mm. and greatest breadth 
0-61 mm. Scolex 0-157 mm. in maximum diameter 
and 0-092 mm. in length. Rostellum well developed. 
Rostellar hooks 20, arranged in two alternate rows, 
the bigger and smaller rostellar hooks measure 
0-027-0-035 and 0-01-0-017 mm. respectively. 
Suckers almost spherical and 0-049—0-053 mm. in 
diameter. Acetabular hooks absent. Genital pores 
unilateral and situated in anterior half of the pro- 
glottis margin. Cirrus sac, 0-26—0-29 mm., well past 
ventral longitudinal excretory vessel and extending 
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to the middle of the proglottis. Vas deferens well 
developed and coiled. Cirrus spiny. Testes 8-9, 
situated posterior and lateral to ovary between the 
ventral longitudinal excretory vessels. Ovary well 
developed and in the centre of the proglottis. 
Details of egg capsules not available as they were 
imperfectly developed. 

The present form is comparable to Dilepis cam- 
pylancristrota (Southwell, 1930), especially in the 
size and shape of the rostellar hooks. In spite of 
the various differences as listed above, it is not in- 
tended to separate the species. 


a 
an 
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002 mm. 








_——— | 
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Fig. 5. Dilepiscampylancristrota(Wedl, 1832) Fuhrmann, 
1908. Rostellar hooks. 
Fig. 6. Dilepiscapellae Yamaguti, 1935. Rostellar hooks. 


Dilepis capellae Yamaguti, 1935 


Host: Capella stenura Bonaparte, 1830. 

Locality: Lashio, Upper Burma. 

Length 29-32 mm., maximum breadth 2-21 mm. 
Scolex 0-28 mm. in maximum diameter. Rostellum 
0-072 mm. in breadth. Rostellar hooks 24-28 in two 
alternate rows, the bigger and smaller rostellar hooks 
measure 0-056-0-06 and 0-44-0-051 mm. respec- 
tively. Neither gland cells nor ducts, as reported by 
Yamaguti, were seen in the rostellum. Cirrus sac 
0-12 x 0-05 mm. not reaching ventral longitudinal 
excretory vessel; in the present form it is not curved 
as described by Yamaguti. Testes 35-43, extending 
throughout the whole proglottis. Ovary always 


Avian cestodes in the Dilepididae 


Although the present species shows differences 
from Yamaguti’s form, they are not considered of 
such importance as to justify its separation there- 
from. 


SYNOPSIS OF THE DIAGNOSTIC 
CHARACTERS OF THE NEW SPECIES 


Eugonodaeum burmanensis n.sp. 


Host: Charadrius placidus Gray, 1863. 

Locality: Lashio, Upper Burma. 

Strobila: Greatest length 24 mm., greatest breadth 
0-42mm. Scolex: 0-205 mm. maximum diameter x 
0-145 mm. iong. Rostellum: Protruding out of 
scolex, 0-035 mm. maximum diameter. Rostellar 
hooks absent. Rostellar pouch 0-115 x 0-046 mm. 
Suckers : 0-096 mm. maximum diameter. Acetabular 
hooks absent. Genital pores: Irregularly alternate. 
Cirrus sac: 0-215-0-25 x 0-023-0-032 mm., oblique 
in position and extending to aporal ventral longitu- 
dinal excretory vessel. Testes: 15-20, posterior, 
lateral and a few anterior to ovary ; situated between 
ventral longitudinal excretory vessels. Ovary: 
Compact with small irregular lobes, slightly poral in 
location. Uterus: Persistent, extending beyond the 
ventral longitudinal excretory vessels. 


Eugonodaeum bybralis n.sp. 


Host: Aquila vindhiana Franklin, 1831. 

Locality: Lashio, Upper Burma. 

Strobila: Greatest length 19-6 mm., greatest 
breadth 0:335 mm. Scolex: 0-104 mm. maximum 
diameter x 0-16 mm. long. Rostellum: Protruding 
from scolex, 0-037 mm. maximum diameter. 
Rostellar hooks absent. Rostellar pouch 0-103 x 
0-041mm. Suckers: 0-042—0-045 mm. in diameter. 
Acetabular hooks absent. Genital pores: Unilateral. 
Cirrus sac: 0-063—0-82 x 0-046 — 0-052 mm., crossing 
ventral longitudinal excretory vessel. Testes: 
60-65, posterior, lateral and anterior to ovary. 
Situated between the ventral longitudinal excretory 


limited to within the ventral longitudinal excretory vessels. Ovary: With small irregular lobes, slightly 
vessels. Uterus poorly developed and no filaments poral in location. Uterus: Persistent but not fully 
observed on the eggs. developed. 
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THE OCCURRENCE OF CERCARIA PATELLAE LEBOUR 
(TREMATODA) AND ITS EFFECTS ON THE HOST; WITH 
NOTES ON SOME OTHER HELMINTH PARASITES OF 
BRITISH LIMPETS 


By W. CREWE, M.Sc.* 
Department of Zoology, University of Liverpool 


(With Plate II and 6 Figures in the Text) 
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The only recorded helminth parasite of limpets, 
Cercaria patellae, was first observed at Loch Ryan 
in Scotland by Lebour (1907) in the digestive gland 
and gonad of Patella vulgata, and was described and 
named by the same author in 1911. Later, Rees 
(1934) gave a complete description of the cercaria, 
together with an account of its pathological effects 
on P. vulgata at Aberystwyth. 


1. MATERIAL 


For the present investigation samples of limpets 
were obtained at frequent intervals from various 
localities in Great Britain, and three species were 
identified, namely, P. vulgata Linn., P. intermedia 
Jeffreys and P. depressa Pennant (Fischer-Piette, 
1935; Eslick, 1940). The nomenclature is that used 
by Eslick (1940). P. vulgata and P. depressa occurred 
in practically all the localities examined; P. inter- 
media was obtained only from Trevone, north 
Cornwall (it has also been recorded at Gwbert, south 
Wales, by Dodd (unpublished), but no samples from 
this locality were examined in the present instance). 
The present study was concentrated on the limpet 
populations at Trevone and at Port St Mary, Isle 
of Man, Trevone being chosen for the study of P. 
intermedia and Port St Mary for the study of P. 
vulgata and P. depressa, as well as for an ecological 
study of infestations in these two species. 


* Now at the Liverpool School of Tropical Medicine. 


2. METHODS 


There is no satisfactory method of distinguishing 
parasitized limpets other than by dissection and the 
making of smear preparations, although very 
occasionally cercariae in the mantle may be seen by 
the naked eye. For examination in the laboratory, 
the shell was removed by cutting with an ‘oyster- 


- knife’ or blunt scalpel round the shell muscle, close 


to the shell. The digestive gland is the usual site of 
the larval helminths, and heavy infestations with the 
rediae or sporocysts of trematodes, or with encysted 
cestode larvae, are immediately visible on removing 
the shell. Lighter stages of infestation can be seen 
by cutting round the membranous covering of the 
visceral mass (the ‘tunica propria’) where it joins 
the foot, and by lifting the visceral mass forward to 
expose the under-surface and the gonad. Micro- 
scopical examination of smears of the digestive 
gland tissue in apparently uninfested specimens 
occasionally revealed free cercariae and, very rarely, 
the early stages of infestation with rediae or sporo- 
cysts. This suggests that the time between the 
entrance of the miracidium and its development into 
sporocyst or redia is short; Miss E. W. Roberts, 
in unpublished work on the development of Fasciola 
hepatica in Lymnaea truncatula, has observed that 
at 23-25° C. rediae are well formed within 8 days 
after penetration of the miracidium. 

The material was generally studied in the living 
state, the cercariae being examined under a cover- 





16 Helminth parasites of limpets 


slip either in sea water or in a drop of liquid from the 
dissected visceral mass (Dubois, 1929). Intra-vitam 
stains and serial sections of the infected visceral 
mass were also used. 


3. PLATYHELMINTHS PARASITIC IN 
PATELLA 


The platyhelminth fauna of limpets examined 
consisted of Cercaria patellae Lebour, 1911, two other 
undetermined cercariae, hereafter referred to as 
Cercaria B and Cercaria C, and one larval cestode, 
Cysticercoid D. 

The cercariae, according to the classification of 
Luke (1909) given by Dawes (1946), belong to the 
following groups: 


Echinostome cercariae 
Echinata group 

Xiphidiocercariae 
Cercariae armatae 

Cercariaea 
Gymnophallus group Cercaria C 


Cercaria patellae Lebour 


Cercaria B 


Table 1 shows the geographical distribution of the 
parasites in the limpets. Patella intermedia was the 
only species in which all four parasites were found, 


Table 1. Occurrence of helminth parasites in Patella from various localities in Great Britain 


Species of parasites found in 


and Trevone the only locality from which all the 
parasites were recorded. Table 2shows the frequency 
of occurrence of the parasites in the samples, but 
the methods of examination normally used detect 
only the later and heavier stages of infestation. There 
is no indication of host specificity for any of the 
parasites, and it is probable that the infestation of a 
species is determined mainly by its geographical and 
local situation, especially by association between 
groups of limpets and the possibilities of infestation 
by helminth eggs or larvae (from an unknown source), 

Infestations with developing larval trematodes 
were monotypic, but in four infested limpets there 
were also encysted cercariae, and in two there were 
encysted larval cestodes. 


(i) Cercaria patellae Lebour, 1911 


Of the life history of Cercaria patellae only those 
stages which are passed in Patella are known. Nicoll 
(see Lebour, 1911) suggested that the cercaria may 
be the larval stage of Echinostephilla virgula Lebour 
from the turnstone (Arenaria interpres Linn.), but 
I obtained no material with which this hypothesis 
could be tested. Most adult echinostomes inhabit 
birds. The occurrence of infested limpets near to 





Locality P. vulgata 
Aberdeen A, B, D (503) 
Anglesey A (27) 
Cullercoats A (97) 

Kyle A (250) 
Langness* None (54) 
Millport A, B, D (492) 
Muck None (290) 
Niarbyl* None (63) 
Plymouth A, D (137) 
Port Erin* A (145) 

Port St Mary* A, C, D (1158) 
Scarlet Point* A (29) 

Skye None (181) 
Trevone A, C, D (351) 


P. intermedia 


A, B, C, D (597) 


P. depressa 
A (207) 


None (53) 
A (43) 
A (84) 
A (70) 
A, C (731) 
A (65) 


A (456) 


* Localities in the Isle of Man. 


The letters A, B, C, D denote the presence of (A) Cercaria patellae, (B) Cercaria B, (C) Cercaria C, and (D) Cysti- 


cercoid D. 
— indicates host species not taken. 
The figures in brackets show the total number of limpets examined from the locality concerned. 


Table 2. Frequency of occurrence of helminth parasites in British Patella 





No. of No. of specimens found infested with 
specimens ¢ A = 
Host species examined C. patellae Cercaria B Cysticercoid D 
P. vulgata . 3777 146 (4%) 11 (0-3%) 8 (0-2%) 
P. intermedia 595 59 (10%) 10 (1:7% 2 (0:3 %) 
P. depressa 1716 298 (17%) None None 
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Fig. 1. Ventral view of specimen of Patella depressa from ‘Fig. 2. Ventral view of the mantle of Patella depressa 
Trevone showing Cercaria patellae congregated in the showing Cercaria patellae in the blood vessels, and 


mantle blood vessels (about natural size). escaping from the edge of the mantle. 





Fig. 3. Dorsal view of specimen of Patella vulgata, after removal of the shell, showing 
cysts of Cysticercoid D along the line of the alimentary canal (about natural size). 
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high-water mark suggests that the source of in- 
fection may be shore birds feeding in the intertidal 
pools; the heavier infestation at the low-tide levels 
may be correlated with the habit of gulls of fre- 
quently alighting on the rocks near the low-water 
mark. 

No encysted agamodistomes were found, although 
many possible intermediate hosts were examined, 
including Littorina, Mytilus, and many small 
crustacea from rock pools. The cercariae were never 
seen to encyst in vitro, either on the sides of the 
container or in possible hosts introduced into the 
tank. Lysaght (1941) suggested that certain meta- 
cercariae found in Littorina neritoides may be from 
cercariae found in Patella. 

The anatomy of the stages in limpets has been 
fully described by Rees (1934). Readily distinguish- 
able characteristics are the large lateral excretory 
canals running along the whole length of the body, 
with excretory granules restricted almost entirely to 
the posterior portions, and the double row of small 
spines on the collar. Rediae dissected out in sea 
water do not move freely, but their structure 
suggests that they possibly progress in the looping 
manner of Fasciola hepatica (Wright, 1928). Rees 
(1934) also gave a very complete description of the 
mechanical and physiological effects on Patella 
vulgata of infestation with the rediae of Cercaria 
patellae, describing particularly the degeneration of 
the epithelium of the digestive gland tubules and of 
the germinal epithelium of the gonad. During the 
present investigation similar effects were observed in 
Patella intermedia and P. depressa. Although in the 
final stages of infestation practically the whole of the 
digestive gland is affected, the vitality of the host 
seems to be unimpaired. 

Early infestation is generally restricted to the 
anterior portion of the ventral half of the visceral 
mass. This site suggests that miracidia may bore 
into a blood space, either through the gut wall or the 
mantle, and be carried through the heart and the 
aorta to the anterior sinus. As the infestation be- 
comes heavier the white, thread-like rediae spread 
loosely and evenly through the visceral mass, until 
in the final stages there is no obvious localization of 
the parasite. 

(a) Behaviour of cercariae. It is characteristic of 
the life histories of many digenetic trematodes that 
the cercariae, after ‘birth’ from rediae or sporocysts, 
make their way through the tissues of the host and 
eventually emerge into the surrounding medium. 
While much is known of the environmental conditions 
which influence the escape of cercariae (Leiper, 1915; 
Cort, 1922; Rees, 1931; Giovannola, 1936; Rees, 
1948), little attention seems to have been paid to 
the route taken by the cercariae within the host. 
Probably the migrations of Cercaria patellae within 
the limpet are confined to the haemocoelic spaces, 
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since the rediae live in the blood sinuses, and the 
cercariae, just prior to escape, congregate in the 
branchial vessels which lead from the sinuses. The 
normal appearance of the mantle skirt shows a con- 
spicuous branchial vein which surrounds the whole 
mantle, and springing from the mantle skirt between 
this vein and the edge of the mantle are small, 
transparent, afferent branchial veins. When the 
cercariae are escaping from the mantle these veins, 
filled with large numbers of cercariae, show white 
and opaque against the surrounding translucent 
tissue (Pl. IT, figs. 1, 2). 

The cercariae bore through the edge of the mantle 
and free themselves in a manner similar to their 
escape from the rediae, often taking several minutes 
to emerge completely. The anterior part of the body 
is greatly extended and protrudes readily. After 
emergence it is waved about until the oral sucker is 
firmly attached to the mantle surface, the purchase 
thus obtained being used to pull the wider part of 
the body bearing the ventral sucker through the 
hole. 

In the laboratory, a limpet which has been kept 
dry for several hours and then placed in sea water 
may liberate as many as 500 cercariae in the first 
90 min. of immersion; the numbers escaping then 
progressively diminish, until they finally cease after 
about 30 hr., by which time the limpet is moribund. 
In nature, however, continuous total immersion is 
abnormal for limpets, which are intertidal animals, 
and as cercariae do not leave dry limpets, and as the 
maximum frequency of escape is immediately after 
immersion, under natural conditions there would 
probably be a rhythm imposed by tidal fluctuations. 
Rothschild (1939) similarly noted that although 
cercariae of Cryptocotyle lingua emerge throughout 
the day from specimens of Littorina which are kept 
submerged, they emerge in greatest numbers from 
specimens which are removed from the water for 
several hours and then replaced. 

Although the accumulation of the cercariae in the 
mantle of the limpet is almost certainly correlated 
with the tidal environment of the host, it is sug- 
gested that migration of cercariae within the haemo- 
coele and their subsequent escape from the mantle 
may also be a common occurrence in other gastro- 
pods, where the mantle may be less readily seen. 

The cercariae, after escaping from the mantle, 
usually rest for a while on its surface, and then begin 
to creep about in the manner described for other 
cercariae by Faust (1917) and Dubois (1929). When 


the cercaria is about to swim it lifts its oral sucker 


off the substratum and remains attached by the 
ventral sucker only. The whole body then elongates, 
assuming an eel-like shape, and the tail becomes whip- 
like; rapid lateral undulations pass backwards from 
the anterior end along the body and tail, the ventral 
sucker releases its hold, and the cercaria swims with 
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its anterior end forward. The small tail is not used 
as a natatory organ but behaves merely as an exten- 
sion of the body. The newly escaped cercariae show 
strong positive photokinesis. 

(b) Infestation and the size of the host. Wesenberg- 
Lund (1934), Rothschild & Rothschild (1939), 
Rothschild (194la,b) and Lysaght (1943) have 
discussed the apparent gigantism due to trematode 
infestation in several genera of marine and fresh- 
water snails. The effects of infestation with Cercaria 
patellae on the growth of Patella were studied in the 
present instance because of their possible importance 
in relation to other studies on the biology of the host. 
The length of the shell was chosen as the simplest 
criterion of the size of the limpet, and throughout 
the work there was no selection of samples, the whole 
population of the chosen areas being collected. By 
means of dissection, or of representative smears of 
pieces of the digestive gland, an analysis was made 
of the infestations in various size groups in four 
populations. The results are presented in Text-fig. 1, 
and show clearly that the larger the host, the greater 
is the probability of its harbouring trematodes at 
developmental stages which are discernible by the 
methods used. Although the very early stages of 
infestation are not recorded, it is improbable that 
such information would greatly alter the picture. 

Growth curves of uninfested Patella are probably 
exponential (Orton, 1928, 1932; Fischer-Piette, 
1941), and if the growth rate were markedly slowed 
down by infestation the time factor alone would 
account for the accumulation of infested specimens 
in the larger size groups. A similar effect would 
occur if young limpets were unattractive to the 
miracidia, or if they were killed by the infestation; 
but no evidence has been obtained to support either 
of these suggestions. There is no clear evidence of 
gigantism in infested limpets. 

(c) Infestation and the sex of the host. Our infor- 
mation on sex phenomena in Patella has been 
reviewed by Orton (1946), who showed that in P. 
vulgata there are about 90% males at sizes of 16— 
25 mm., the percentage gradually diminishing to 
about 30% at the maximum size, thus indicating 
that there is probably a sex change from male to 
female in a section of the male population. He notes 
that: ‘Obvious hermaphroditic forms are rare, due 
to the apparent exact somatic similarity of males 
and females and the fact that a long non-breeding 
period follows a normal complete evacuation of the 
gonad after spawning in the male.’ 

In view of previous work (summarized by Dawes, 
1946) on sex changes in molluscs due to trematode 
infestation, analysis of sex ratios was made in a 
heavily infested population of Patella. The sex of 
the majority of limpets parasitized with Cercaria 
patellae is indeterminable, and of those in which it 
can be determined the majority are female; heavily 
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infested limpets with well-developed gonads are 
very rare. During this investigation sex was deter. 
mined in one-fifth of the infested limpets, and of 
these approximately eight-ninths were female. This 
preponderance of infested females may possibly be 
due to the parasite selecting female limpets in pre. 
ference to males, to a high mortality among male 
limpets in the early stages of infestation, or to 
inhibition of the development of the parasite in male 
limpets. On the other hand, the parasite may 
possibly have no preference for either sex, and, since 
infested limpets occur in the larger size groups, 
which, in an uninfested population, are mainly 
female (Orton, 1946), more females than males will 
consequently be affected. Finally, infestation may 
cause or hasten a sex reversal from male to female, 

At Port St Mary, one-quarter of the population of 
Patella depressa in the Lithothamnion pools was 
recognizably infested with rediae of Cercaria patellae, 
while in the population from ‘dry’ rocks on the 
same stretch of beach infested specimens were rare. 

(d) Ecology of the infestation. The ‘ledges’ at Port 
St Mary are a series of limestone terraces, holding 
many shallow pools at low water. As limpets are 
common throughout the intertidal zone, both in 
the pools and on the rocks, the structure of the 
locality facilitates a comparison of the populations 
of ‘wet’ and ‘dry’ habitats at several tide levels. 
Of the sampled population of Patella depressa larger 
than 35 mm., about 25 % are infested with Cercaria 
patellae, as compared with only 1% of Patella 
vulgata over the same size range. Excluding speci- 
mens of which the precise origin is doubtful, 15% 
of all limpets in pools were infested, as opposed 
to less than 2% of those living on ‘dry’ rocks. 
Limpets show a specific preference for a special 
habitat; collection of some 3000 limpets from this 
area has shown that the population of the Litho- 
thamnion pools is dominantly 85 % Patella depressa 
and that of the adjacent rocks dominantly 98% 
P. vulgata, and the question therefore arises whether 
limpets living in pools may be more readily infested 
than those living on ‘dry’ rocks. As shown by 
samples taken from various localities, limpets from 
rock pools are, in general, more commonly infested 
than those from ‘dry’ habitats. 

In all samples from all localities, irrespective of 
the size of the limpet, local habitat or season, rediae 
of Cercaria patellae were found in 4% of Patella 
vulgata, in 10% of P. intermedia and in 17% of 
P. depressa (Table 2). Since P. depressa occurs in 
pools or low down the beach, while P. vulgata prefers 
‘dry’ habitats, and P. intermedia occupies an inter- 
mediate ecological position, these figures also indicate 
that limpets which spend most of their time in wet 
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limpets with Cercaria patellae. If it is by means 
of actively swimming miracidia, then a certain 
dampness is necessary, and the still waters of rock 
pools would be a suitable site for the accumulation 
and hatching of eggs and for the activities of the 
miracidium. Temperature is known to affect the 
rate of hatching of miracidia (Mathias, 1925; Dubois, 
1929), and it is possible that the miracidia of C. 
patellae hatch only, or in the greatest numbers, in 
rock pools. If the eggs hatch on contact with water, 
miracidia released in rock pools would more easily 
find a host than those freed in the open sea. 
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end of the body. The sporocysts vary in length from 
0-4 to 1-6 mm., and exhibit no movement other than 
that due to contained cercariae ; they occur in a com- 
pact tangled mass, which is usually restricted to a 
markedly localized portion of the intertubular 
sinuses of the digestive gland, or more rarely of the 
kidney. The parasite apparently has no effect on the 
condition of the gonads, which were never found 
infested. Degeneration of the host tissues is re- 
stricted to the area occupied by the parasite, the 
effects of infestation being very similar to those 
caused by Cercaria patellae. 
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Host size in millimetres 
Text-fig. 1. Percentage infestation with Cercaria patellae in relation to size in four populations of limpets. The 
continuous thick line represents a population of 744 specimens of Patella intermedia from Trevone, the broken 
thick line one of 613 specimens of P. depressa from Trevone, the continuous thin line one of 749 specimens 
of P. depressa from Port St Mary, and the broken thin line one of 1794 specimens of P. vulgata from Port Erin. 


(ii) Cercaria B 


On removing the limpet’s shell, the sharply 
localized salmon-coloured patches of sporocysts of 
Cercaria B present a picture readily distinguishable 
from that of the loosely distributed white rediae of 
C. patellae. Cercaria B occurs in the digestive gland 
and kidney of Patella vulgata and P. intermedia, 
but has not been found in P. depressa, and has been 
observed in only twenty-one of over 5000 limpets 
examined. No stages in its life history have been 
found other than those described below. It is 
possibly a larval stage of one of the Plagiorchidae, 
like other cercariae armatae, and may be the larva 
of Plagiorchis cirratus, which has been reported in 


| the herring gull. 


(a) Parthenita. Elongate, sausage-shaped, opaque 
salmon-orange pigment 
granules in the walls. A birth pore is situated at one 


(b) Cercaria. The extreme observed dimensions 
of the cercaria, in millimetres, are as follows: 


Extended Contracted 


Body: Length 0-39 0-26 
Breadth 0-05 0-08 

Tail: Length 0-18 0-064 
Breadth 0-018 0-028 


Diameter of oral sucker 0-044 x 0-028 0-034 x 0-034 
Diameter of ventral sucker 0-04 x0-024 0:03 x 0-03 
Length of stylet 0-015 


The body is oval and very contractile. The oralsucker 
is subterminal, its anterior border bearing a simple 
stylet, 0-015 mm. long, which can be turned from 
side to side; the ventral sucker lies in the middle of 
the ventral surface and is slightly the smaller of the 
two. The cuticle covering the body is extended to 
line the caudal pocket, from which arises the simple, 
elongate, muscular tail (Text-fig. 2). 
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The mouth leads to a prepharynx, and thence to a 
small muscular pharynx. The oesophagus bifurcates 
shortly in front of the ventral sucker, and the in- 
testinal caeca extend almost to the end of the body. 

The actively contractile excretory bladder is 
bicornuate, the horns reaching almost to the ventral 
sucker. The excretory pore opens at the junction of 
the body and tail. 

While swimming the cercaria flexes the body 





Stylet 





0-05 mm. 
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within the digestive gland, on the tunica propria, 
radular sac and salivary glands, and in the gills 
and mantle, in nine specimens of Patella vulgata and 
P. intermedia, in three of which Cercaria B was also 
developing. The cyst is almost spherical, 0-15 mm. 
in diameter, with a transparent wall 0-01 mm. thick. 
The contained cercaria is similar to Cercaria B, 
except that it does not possess a tail or a stylet 
(Text-fig. 3). No stylet has been seen lying free 





Text-figs. 2, 3. Fig. 2. Cercaria B. Fig. 3. Cyst of Cercaria B. c.p. caudal pocket; cy.w. cyst wall; e.v. excretory 
vesicle; int. intestine; l.e.c. lateral excretory canal; o.s. oral sucker; ph. pharynx; s. stylet; v.s ventral 


sucker. 


dorsally, especially in the less contractile region 
behind the ventral sucker, and the lateral margins 
of the body curl ventrally inwards. The tail lashes 
rapidly and drives the cercaria through the water 
with the flexed dorsal surface forward. The cercaria 
is a weak swimmer, and creeping movements are 
common. 

(c) Metacercaria. cercariae 


Encysted occur 


throughout the haemocoele. They have been found 





within the cyst. It is probable that Patella is not 
the only host in which these cercariae encyst. 


(iii) Cercaria C 


These small, active, tailless cercariae are dis- 
tinguishable only in smears of digestive gland tissue, 
and differ from the other trematode inhabitants of 
limpets in the possession of an enormously developed 
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U-shaped excretory bladder. Intensive micro- 
scopical examination of 1247 limpets between August 
1946 (when the parasite was first recorded) and 
February 1947 showed sixty specimens infested with 
this cercaria. All three species of Patella were 
infested, but in no case were rediae or sporocysts 
observed. 





0:05 mm. 


Text-figs. 4-6. Fig. 4. CercariaC. Fig. 5. 


General view of the cyst of Cysticercoid D. 
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numerous small spicules arranged in transverse 
rows, only a small area round the mouth being free 
from them. The oral sucker is almost twice the 
diameter of the ventral sucker, which is posteriorly 
placed. The prepharynx is short, the pharynx small, 
and the oesophagus very short. The intestinal caeca 
are broad and do not extend beyond the middle 





Fig. 6. Sagittal section 


through cysticercoid attached to the limpet’s alimentary canal. a.b. armature of bothrium; a.r. armature 
of rostellum; al.c. outer wall of alimentary canal of limpet; b. bothrium; cd.b caudal bladder; r. rostellum; 
v. main vesicle. Other lettering as in Text-figs. 2 and 3. 


Cercaria. The extreme observed dimensions of 
the cercaria, in millimetres, are as follows: 


Extended Contracted 
Body: Length 0-4 0-25 
Breadth 0-1 0-24 
Diameter of oral sucker 0-065 x 0-06 
Diameter of ventral sucker 0-035 x 0-03 


The body is ovoid and very extensible, tapering 
slightly at the posterior end. The cuticle bears 


of the body. The excretory bladder is very large, 
U-shaped or ‘lyre-shaped ’, and is packed with excre- 
tory globules. It occupies most of the body, reaching 
almost to the oral sucker. There is no tail (Text- 
fig. 4). 
(iv) Cysticercoid D 
This is the only cestode known to be parasitic in 


Patella; it was found in ten limpets, obtained from 
Aberdeen, Millport, Plymouth and Trevone. The 
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cysts are normally attached to the outside of the 
wall of the alimentary canal of Patella vulgata and 
P. intermedia. They may be on the surface of the 
visceral mass, just beneath the host epithelium, or 
internal, between the lobules of the digestive gland. 
In one limpet a cyst was found on the surface of the 
gonad. 

The larva is contained within a gelatinous, very 
pale yellow cyst, about 0-4 x 0-4—0-6 mm. When the 
limpet’s shell is removed, the cysts are immediately 
visible, closely packed along the line of the alimentary 
canal (PI. II, fig. 3). The larva, visible through the 
cyst wall, consists of a main vesicle and a small 
caudal bladder, both continually changing in shape. 
No further structure is visible, even when the cyst 
wall is removed, unless the cysticercoid is slightly 
squeezed, as under a cover-slip. Inside the main 
vesicle is the scolex, which bears four suckers, each 
armed with a crescentic row of minute hooks. The 
rostellum bears a large number of hooks, 0-01 mm. 
in length, arranged in a markedly undulated row 
(Text-figs. 5, 6.) 

The larva is probably that of a member of the 
Davaineidae, and its armature is similar to that of the 
adult of Ophryocotyle Friis, species of which have 
been described from the gulls, Larus canus and 
L. argentatus. 

SUMMARY 


During investigations of the helminth parasites of 
the British limpets Patella vulgata, P. intermedia 
and P. depressa in relation to a possible bearing of 
parasitism on mortality and sex proportions, three 
larval trematodes, Cercaria patellae Lebour, 1911; 
an unidentified Xiphidiocercaria, Cercaria B; an 
unidentified Cercaria C; and one larval cestode were 
found. Of these, C. patellae was the commonest. 
Each of the three trematodes occurs indepen- 
dently in the digestive gland, the cestode being 
encysted on the surface of the visceral mass. The 
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Cercaria C is visible only in smear preparations or 
sections, but infestations with the other three 
parasites can usually beseen on removing thelimpet’s 
shell. The sporocysts of the Xiphidiocercaria, Cer. 
caria B, are restricted to a limited portion of the 
digestive gland or, very rarely, of the kidney; the 
rediae of C. patellae are loosely distributed through. 
out the visceral mass. No sporocysts of the Cercaria 
C have been observed. 

C. patellae is commonest in Patella depressa, but 
since in all three species it is more common in 
populations inhabiting rock pools the apparent 
preference for P. depressa may be because this species 
occurs in pools or at low water marks, whereas the 
other species frequent ‘dry’ habitats. 

Most limpets infested with Cercaria patellae are 
in the larger size (age) groups. For example, the 
percentage infestation in Patella depressa at Port 
St Mary, Isle of Man, is very low in specimens less 
than 40 mm. in length, increasing to 100 % in those 
of more than 65 mm. 

Cercaria patellae escapes from the limpet by way 
of the veinlets in the mantle skirt. It is suggested 
that migration of cercariae within the haemocoele, 
and subsequent escape from the mantle, may be a 
common occurrence in other molluscs infested with 
larval trematodes. 

The number of cercariae given off by the limpet 
in vitro is greatest immediately after immersion in 
water, the rate of escape thensteadily falls and finally 
ceases after about 30 hr. of immersion. Under 
natural conditions there is probably a rhythm 
imposed by tidal fluctuations, the cercariae escaping 
only when the host is covered by the tide. 


It is a pleasure to acknowledge my indebtedness 
to Prof. J. H. Orton for his help and advice, and to 
Miss M. G. C. Fordham for encouragement and 
criticism, during the course of this study. 
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AN EXPERIMENTAL STUDY OF EAST COAST FEVER IN UGANDA 


III. A STUDY OF THE EAST COAST FEVER REACTIONS PRODUCED WHEN 
INFECTED TICKS 31 DAYS OLD ARE FED ON SUSCEPTIBLE CALVES IN 
LIMITED NUMBERS OVER A PERIOD OF 3 WEEKS 


By 8. G. WILSON, Veterinary Research Laboratory, Entebbe, Uganda 


(With 19 Figures in the Text) 


INTRODUCTION 


The factors which govern the severity of East Coast 
fever reactions in bovines in East Africa are largely 
unknown. Variations in the pathogenicity of Theileria 
parva have never been clearly demonstrated, yet 
side-by-side on the same pasture, acute fatal infec- 
tions and mild transient reactions occur in calves of 
similar age and breeding. 

In Nyasaland, mortality from East Coast fever 
was high when Rhipicephalus appendiculatus was 
numerous (Wilson, 1946), and in previous papers 
(Wilson, 1950a, 6), evidence was produced to show 
that at Entebbe, when the number of infected ticks 
on a pasture was considerably reduced, there was 
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MATERIALS AND METHODS 


R. appendiculatus larvae, hatched on 27 February 
1948, from female tick no. 79, were fed from 24 to 
31 March on calf no. 5595, which was reacting 
severely to East Coast fever; Koch’s bodies and 
small piroplasms being numerous in blood and gland 
smears (Fig. 1). These larvae moulted as nymphs 
from April onwards, and were numbered batch 94. 
Nymphae from this batch were used in these 
experiments. 

Twelve calves reared in tick-free paddocks, dipped 
at weekly intervals, and temperatures recorded daily 
since birth were divided at random into two groups 
of six by an officer, who had no knowledge of the 
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Fig. 1. Calf no. 5595, showing East Coast fever reaction and period during which 
larvae batch no. 79 were fed. 


& corresponding reduction in the severity of the 
reactions amongst calves subsequently exposed. In 
East Africa, where East Coast fever is endemic, 
herds are usually grazed over wide areas, and it was 
conceivable that variations in the reactions were 
largely governed by the numbers of infected ticks 
which attached during the period of exposure, which 
in turn, was governed by the density of infected 
ticks present on the grazing grounds. 

In the present experiments, an attempt was made 
tosimulate these natural conditions, the object being 
to discover whether non-fatal but nevertheless im- 
munizing reactions could be produced when infected 
ticks were fed in small numbers over a period of 
3 weeks on locally reared susceptible Zebu cattle. 


design of the experiment. An additional two calves 
were included as controls. 

Oneach of the six calves in one group, subsequently 
referred to as group A, one infected nymph was fed 
on the Ist day of the experiment (12 May 1948); 
a further two nymphs were fed on the 3rd day and 
another three nymphs on the 21st day, i.e. six 
infected nymphs were fed over a period of 21 days. 

On each of the six calves in the second group, 
group B, one infected nymph was fed on the Ist day 
of the experiment, a further two nymphs on-the 5th 
day and another three nymphs on the 21st day. 

Six infected nymphs were fed on one control calf 
on the Ist day of the experiment, and six nymphs 
were fed on the second control calf on the 21st day. 
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The nymphs were 31 days old approximately on the 
Ist day of the experiment and were fed on the right 
ear of all calves and they all attached and engorged 
successfully. 

The severity of the East Coast fever reaction 
produced was assessed after the full consideration 
of at least five factors. Rectal temperatures were 
taken each morning, and the intensity of the tem- 
perature reactions was judged by the number of 
days the temperature was either 103° F. or above 
this arbitrary figure. Blood smears and prescapular 
gland smears were examined daily for the presence 
of small piroplasms and Koch’s bodies. The pre- 
scapular and parotid glands were palpated daily and 
any obvious recognizable swelling of these glands 
was noted. The swellings of the parotid glands were 
taken as most pathognomic of East Coast fever 
since similar swellings are not seen in other tick- 
borne bovine disease in East Africa, and also owing 
to their situation, early slight swellings of the paro- 
tids were easily detected visually. Since daily gland 
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Two calves, nos. 109 and 5642 (Fig. 5), failed to 
show any temperature reaction, and in calves nos, 
115 (Fig. 2) and 5711 (Fig. 3), temperatures were 
very irregular and did not exceed 103° F. at any 
time for more than a few days. Calves nos. 116 
(Fig. 4) and 5724 (Fig. 6) showed reactions more 
typical of East Coast fever, but only in no. 5724 did 
the temperature exceed 105° F. 

Koch’s bodies were found in the gland smears 
of only two calves. They were present in calf 
no. 115 from the 38th to 46th day but, except 
on the 43rd day, were always scanty, and in calf 
no. 5724 Koch’s bodies appeared from the 17th to 
24th day. 

No swelling of the parotid glands occurred in 
calves nos. 109 and 5642, though the prescapulars 
of the latter calf were swollen from the 12th to 15th 
day. In calf no. 115 both parotids were swollen on 
the 18th to 20th day after the first tick was fed, and 
the right parotid gland was again swollen from the 
34th to 41st day. In calf no 5711 both parotids 


Table 1. Summary of East Coast fever reactions in six susceptible calves when ticks 
were fed on 1st, 3rd and 21st days 


Day after 
exposure Maximum Koch’s bodies Theileria Lowest 
Bovine Age in Temp. above temperature found in found in leucocytic count 
number months 103° F. recorded gland smears blood per cu.mm., 
109 7 _— i —- Very scanty — 
115 6 27th day 104-3° F. on 42nd day 38th—46th day + 3525* on 43rd day 
5711 7 12th day 104-8° F. on 18th day -- Very scanty 3900 on 19th day 
116 6 16th day 104-2° F. on 16th day — Very scanty 4225 on 21st day 
5642 7 — — — Very scanty 4200 on 17th day 
5724 6 18th day 105-2° F. on 22nd day 17th-24thday +with 1100 on 22nd day 
anisocytosis 


* No further leucocytic counts made after the 43rd day. 


smears were taken from the prescapular glands by 
needle puncture, the subsequent swellings of these 
glands could not be regarded as due entirely to 
Theileria parva infections. Citrated blood samples 
were collected from the jugular vein as frequently 
as possible and white cell counts were made, using 
a Neubauer counting chamber. A final factor in 
assessing the severity of the reaction was an estima- 
tion of the decrease of body weight suffered by the 
calves during the reaction. 

After an interval of approximately 3 months all 
calves in groups A and B were challenged for 
immunity. 


EXPERIMENTAL RESULTS 
Group A 


The salient features of the reactions produced in 
calves in this group are briefly summarized in 
Table 1, and the temperature reactions and other 
details are given in Figs. 2-6. 


were slightly swollen from the 15th to 20th day, and 
in calf no. 116 the right parotid was swollen from the 
15th to 22nd day. In calf no. 5724 both parotids 
were swollen on the 14th day and continued so 
throughout the reaction. 

Leucopaenia was most marked in calf no. 5724 
(Fig. 6). The first leucocytic count of 4000 per 
cu.mm. on the 15th day showed that leucopaenia 
was already well established. From the 15th to 
22nd day leucopaenia was progressive, the count of 
1100 per cu.mm. on the latter day being the lowest 
recorded on any animal in this experiment. There 
was some improvement on the 24th day when Koch’s 
bodies were still present, but a return to normal 
counts did not occur until 2 months later. From the 
few differential counts made, all the leucocytes were 
decreased and recovery was marked by a relatively 
rapid increase of lymphocytes. In calf no. 115, 
leucopaenia was progressive from the 35th to 43rd 
day, the count falling from 7950 to 3525 per cu.mm. 
Some leucopaenia was evident in calves nos. 5711, 
116 and 5642, for at least 1 day between the 17th to 
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2ist day, but recovery in all cases was rapid and compared with that of calf no. 5711 over a 19-week 
there were signs of a subsequent reaction following period is shown in Fig. 7. 
the feeding of the three ticks on the 21st day. No 
leucopaenia occurred in calf no. 109. Group B 

The only animal that failed to maintain reasonable More definite reactions were shown by the calves 
weight increases during the experiment was calfno. in group B, and a summary of these reactions is 
5724, and the weekly body weight of this animal given in Table 2 and in Figs. 8-13. 


Table 2. Summary of East Coast fever reactions in six susceptible calves when ticks 
were fed on 1st, 5th and 21st days 


Day after 
exposure Maximum Koch’s bodies Theileria Lowest 
Bovine Age in Temp. above temperature found in found in leucocytic count 
number months 103° F. recorded gland smears blood per cu.mm. 
114 6 16th day 104-7° F. on 26th day 23rd-26th day Very scanty 3150 on 23rd day 
117 6 13th day 104-4° F. on 18th day 2Ist-27thday Very scanty 3275 on 20th day 
5719 6 14th day 105-7° F. on 17th day 18th-25thday +with 3425 on 23rd day 
anisocytosis 
39 9 18th day 104-4° F. on 18th day —_— Very scanty 5650 on 20th day 
5695 1l 26th day 103-6° F. on 26th day 4lst-42nd day Very scanty 7800* on 43rd day 
5725 6 20th day 103-8° F. on 26th day 21st-—25th day + 2725 on 24th day 


* No further leucocytic counts made after the 43rd day. 
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Figs. 2-4. Temperature reactions in calves in group A infected by ticks. Fig. 2. Calf no. 115, showing tem- 
perature reaction, presence of Koch’s bodies and leucopaenia. Fig. 3. Calf no. 5711, showing temperature 
reaction and leucopaenia. Fig. 4. Calf no. 116, showing temperature reaction and leucopaenia. 


Key to Figures 


N.P.S. No parasites seen, V.S.8.P. Very scanty, small protoplasms in blood smears. 
— Koch’s bodies scanty in gland smears. §§ Koch’s bodies numerous in gland smears. 

Total white cell count (no differential made). sy Eosinophiles. 

SP. Small piroplasms in blood smears. 
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Figs. 5, 6. Temperature reactions in bovines in group A (continued). Fig. 5. Calf no. 5642, showing absence of 
marked temperature reaction and mild leucopaenia. Fig. 6. Calf no. 5724, showing temperature reaction, 
presence of Koch’s bodies and marked leucopaenia. 
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A definite temperature reaction occurred in four 
calves, nos. 114, 117, 5719 and 5725 (Figs. 8-10 and 
13), but only in calf no. 5719 did the temperature 
reach or exceed 105° F. In calves nos. 39 and 5695 
(Figs. 11, 12) the temperature reactions were more 
indefinite and could not be regarded as typical of 
East Coast fever. 

Koch’s bodies were found in gland smears of 
calves nos. 114, 117, 5719 and 5725 for different 
periods between the 15th and 27th day, and in calf 
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nos, 5711 and 5724, during a 19-week period. 
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no. 5695 on the 41st and 42nd days only, but in all 
cases they were found scanty or very scanty. No 
Koch’s bodies were found in the gland smears of calf 
no. 39. 

In most of the calves in this group the glandular 
swellings were unilateral, thus in calf no. 114 the 
right prescapular gland was swollen on the 16th day 
but the right parotid gland was not noticeably 
swollen until the 24th day, while in calf no. 117 both 
parotids and both prescapulars were slightly swollen 
from the 14th day onwards. In calf no. 5719 the 
right parotid and prescapular glands were markedly 
swollen from the 15th until the 37th day, and in calf 
no. 5725 the right parotid only was swollen from the 
14th to 20th day. In calf no. 39 the right parotid was 
slightly swollen only on the 17th and 18th days while 
in calf no. 5695 the right parotid was markedly 
swollen from the 36th to 42nd day. 

Leucopaenia occurred in the four calves which 
gave a definite East Coast fever reaction. The 
leucocyte count of calf no. 114 on the 16th day was 
still high, being 13,700 per cu.mm. but fell rapidly to 
5000 per cu.mm. on the 18th day, and 3150 per 
cu.mm. on the 22nd day, the lowest count recorded 
for this bovine. Leucopaenia therefore occurred in 
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Figs. 8-10. Temperature reactions in calves in group B infected by ticks. 
temperature reaction, presence of Koch’s bodies and leucopaenia. 


features to calf no. 114. 
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Fig. 8. Calf no. 114, showing 
Fig. 9. Calf no. 117, showing similar 


Fig. 10. Calf no. 5719, showing similar features to calf no. 114. 
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perature reaction and slight leucopaenia. Fig. 12. Calf n 
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Figs. 11-13. Temperature reactions in calves in group B (continued). Fig. 11. Calf no. 39, showing mild tem- 
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this animal some hours after the temperature re- 
action began and the lowest cell count coincided 
with the first appearance of Koch’s bodies in gland 
smears on the 22nd day. There was slight but definite 
improvement from the 25th day onwards, although 
Koch’s bodies were present until the 26th day. 
Recovery however was slow, the counts being still 
below normal on the 43rd day. 

The lowest count in calf no. 117 was 3275 per 
cu.mm. on the 20th day, 1 day before the appearance 
of Koch’s bodies. Very definite improvement oc- 
curred while Koch’s bodies were still present, the 
leucocytes increasing to 8225 per cu.mm. on the 
27th day, the last day Koch’s bodies were found in 
gland smears. In this case recovery was relatively 
rapid, a count of 11,000 per cu.mm. being recorded 
on the 41st day. 

Calf no. 5719 showed the severest temperature 
reaction recorded in this experiment, the onset of 
leucopaenia preceding the rise of temperature by at 
least 4 days. Leucopaenia was definite on the 16th 
day and the counts continued to fall until the 23rd to 
25th day when 3425 and 3575 cells per cu.mm. 
respectively were recorded. Improvement was 
gradual and was not complete on the 42nd day. 
The increased count on the 30th day was chiefly due 
to an increase in lymphocytes. 

In the case of calf no. 5725 leucopaenia again 
preceded the rise in temperature, the cell counts 
being 5850 and 5600 per cu.mm. on the 16th and 





20th days although the rise in temperature was not 
marked. The lowest count of 2725 cells per cu.mm. 
was recorded on the 24th day, but after Koch’s 
bodies disappeared on the 25th day the improvement 
was gradual and progressive. In calf no. 5695 Koch’s 
bodies appeared late, but the cell count remained 
relatively high. Leucopaenia was evident in calf 
no. 39 from the 16th day onwards, but was never 
severe. 

All the calves failed to gain in body weight during 
the 2nd to 6th week of the experiment, but all had 
regained their initial weight on the 7th week and 
increases in subsequent weeks were normal. 


Controls 


Six nymphs from batch 94 were fed on calf no. 40 
(Fig. 14) on 12 May 1948, the Ist day of experiment, 
and all remained attached until full engorgement. 
A reaction developed on the 10th day when the right 
parotid and both prescapular glands were markedly 
swollen. Koch’s bodies, however, were only present 
in gland smears on the 16th and 17th days, and the 
temperature was 105° F. or over on the 16th to 18th 
day only. Leucopaenia was not a marked feature of 
the reaction and there was little loss of weight. 
Altogether, the reaction was surprisingly mild and 
the animal recovered. 

Six nymphs, also from batch 94, were fed on calf 
no. 112 (Fig. 15) on 2 June 1948, the 21st day of the 
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experiment. All the ticks engorged successfully. 
A swelling of the right parotid was noted on the 13th 
day and both parotids were swollen on the 21st day. 
A temperature reaction typical of East Coast fever 
commenced on the 15th day and continued until the 
28th day. Koch’s bodies were found in gland smears 
from the 17th to 22nd days. There was a considerable 
loss of weight during the reaction, but the animal 
eventually recovered. 
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been infected as larvae by feeding on calf no. 5733 
from 6 to 12 July, during the height of a fatal East 
Coast fever reaction. Only calf no 109 (Fig. 16) 
reacted, the temperature rising sharply on the 2lst 
day and remaining high for 5 days. Koch’s bodies 
were present in gland smears on the 22nd day only, 
The leucocyte count had fallen to 2950 per cu.mm. on 
the 22nd day, but recovery was evident the following 
day and normal counts were regained relatively 
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Figs. 14, 15. Fig. 14. Calf no. 40, showing mild East Coast fever reaction when six nymphs were fed on Ist day 
Fig. 15. Calf no. 112, showing more severe reaction when six nymphs from same batch were 


of experiment. 
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IMMUNITY rapidly. None of the other calves in this group showed 


The immunity of the six calves in group A was tested 
on 16 August 1948, 96 days after the first infected 
tick had been fed in the original experiment. Ten 
infected Rhipicephalus appendiculatus nymphs, ap- 
proximately 16 days old, from batch no. 104, were 
fed on the ears of each animal; these nymphs having 


any temperature reaction and there were no glan- 
dular swellings or leucopaenia. 

Ten infected ticks from batch no. 104 were also fed 
on the same day on the ears of a susceptible calf, 
no. 5726 (Fig. 17), which contracted typical East 
Coast fever, but eventually recovered. 

The six calves in group B were subjected to a more 
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Figs. 16, 17. Fig. 16. Calf no. 109, the only calf showing a mild reaction when ten nymphs were fed on all calves 
in group A 96 days after first infection. Fig. 17. Calf no. 5726, a susceptible calf on which ten nymphs from 
Ist day same batch were fed on the same day. 
ch were 
106- 
_ 1054 Calf no. 5726 
uw 
2 104- 
uv 
5 103-1'° nymphs 
oa 
g 1024 
k 101 - 
100 - 
99 = =e oy vo vw. SS - ae a ae Se oe ee ' a ee a ' 
14 21 28 
3 107 Days 
c 
oe 7 Y 
showed ,* | 6 yj 
o glan- f° 44 y 
85, y 
also fed 8 Yy) 
0 i te tT ' , ee ew T 7. i , Ff t ' Ff , eS © t : Lom 
pe s 1 1817 2122 28 
ul East Days 
@ more Fig. 17. 
Parasitology 4I 














34 


stringent challenge. On 1 October, 110 days after 
the first infected tick had been fed in the original 
experiment, ten infected R. appendiculatus nymphs 


Study of East 


from batch no. 104 were fed on the ears of each 
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ment, this calf again failed to react. Of the remaining 
five calves which had shown a definite East Coast 
fever reaction during May—June, four proved solidly 


immune, but in calf no. 114 (Fig. 18) a mild delayed 
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Figs. 18, 19. Fig. 18. Calf no. 114, the only calf in group B to show an East Coast fever reaction when grazed 
in an infected paddock 110 days after first infection (compare Fig. 8). Fig. 19. Calf no. 5729 a susceptible 
calf showing fatal reaction when grazed in infected paddock with calves in group B 
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animal and they were then grazed in a paddock 
infested with R. appendiculatus ticks infected with 
Theileria parva. Although calf no. 39 (Fig. 11) had 


shown only a mild reaction in the previous experi- 


reaction occurred on the 27th to 29th day, the second 
reaction within a period of 4 months. 

Ten infected ticks from batch no. 104 were als 
fed on the same day on the ears of a susceptible calf, 
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no. 5729 (Fig. 19), which was also grazed in the 
paddock along with the other six calves in this group. 
A typical East Coast fever reaction developed, with 
high temperature, swollen glands, presence of Koch’s 
bodies in gland smears, and leucopaenia; death 
taking place on the 24th day. 


DISCUSSION AND SUMMARY 


In natural grazing grounds, bovines affected with 
East Coast fever remain ambulatory until a few days 
or even a few hours before death, and larval and 
nymphal Rhipicephalus appendiculatus and R. evertsi, 
which have fed and engorged, will infest the pasture 
over a wide area. Subsequently, when susceptible 
cattle graze over this area small numbers of infected 
instars may attach at intervals and begin to feed. 
In this experiment an attempt was made to simulate 
these conditions as closely as possible. 

In group A where one infected tick was fed on the 
lst day, two on the 3rd day, and three on the 21st 
day, two out of six calves developed an unmistakable 
East Coast fever infection, with Koch’s bodies 
present in gland smears. In one calf (no. 5724) the 
reaction was most severe and was undoubtedly due 
to the three ticks which attached on the Ist and 3rd 
days, while in another calf (no. 115) the reaction was 
less severe and was most probably due to the three 
ticks which attached on the 21st day. 

In group B where one infected tick was fed on the 
Ist day, two on the 5th day, and three on the 21st 
day ; five out of six calves gave a definite unmistak- 
able East Coast fever reaction with Koch’s bodies 
present in gland smears, four of the reactions being 
undoubtedly due to the three ticks which attached 
on the Ist and 5th days. There is as yet no reasonable 
explanation as to why the number of definite re- 
actors should differ so markedly in the two groups. 

It is noteworthy that all these reactions were mild 
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and that recovery in each case was uneventful. The 
only death to occur was control calf no 5729, on 
which ten infected ticks had fed at one time, but 
from the results of the other controls it may be 
assumed that the strain of Theileria parva had 
by some means become attenuated or that the 
calves had increased tolerance or resistance. 

It is difficult to understand why calf no. 109 failed 
to react in the first experiment but showed some 
susceptibility when challenged 96 days later, and 
why calves nos. 5711, 116, 5642 and 39 gave doubtful 
reactions. No explanation can be given at this stage, 
but it raises two practical questions. First, it is 
difficult to assess the minimum intensity of a reaction 
which is sufficient to give a durable immunity. The 
fact that calf no. 114, after what appeared to be 
a definite 7’. parva reaction, reacted a second time on 
exposure to infection 110 days later, proved that the 
immunity was not prolonged. It is true that the first 
reaction was only mild, but practically the same 
remarks could be applied to calves nos. 117 and 
5725, yet these calves had not lost their immunity 
on challenge. Secondly, it is difficult to ensure, by 
observation of daily temperatures alone, that all 
calves are really fully susceptible before being used on 
a critical East Coast fever experiment, for if only 
a few infected ticks are accidentally introduced into 
stables or grazing paddocks, it may be assumed that 
mild subclinical infections will result. These calves 
may then show varying degrees of resistance to 
subsequent infections, and results such as those 
experienced in these experiments would be a normal 
sequelae. 

The intensity of the leucopaenia appeared to bear 
no relationship to the number of days Koch’s bodies 
were present in gland smears. It was present before 
the first rise in temperature in all the calves except 
no. 114, the only calf to show a second reaction on 
challenge. 
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AN EXPERIMENTAL STUDY OF EAST COAST FEVER IN UGANDA 


IV. A STUDY OF THE EAST COAST FEVER REACTIONS PRODUCED WHEN 
INFECTED TICKS 171 DAYS OLD WERE FED ON SUSCEPTIBLE CALVES IN 
LIMITED NUMBERS OVER A PERIOD OF 3 WEEKS 


By S. G. WILSON, Veterinary Research Laboratory, Entebbe, Uganda 


(With 13 Figures in the Text) 


INTRODUCTION 


In a previous experiment (Wilson, 1950) infected 
Rhipicephalus appendiculatus nymphs 31 days old 
were fed on calves at varying intervals, and only 
mild East Coast fever reactions were produced. In 
the present experiment nymphs from the same batch, 
now 171 days old, were similarly fed on susceptible 
calves to see if the Theileria parva was still viable 
and if the results would follow those of the previous 
experiment. 


MATERIAL AND METHODS 


Nymphal Rhipicephalus appendiculatus from batch 
no. 94, the same batch as used in the previous 
experiment, were fed on all the calves in this experi- 
ment ; and as these nymphs hatched on 11 April, they 
were then 171 days old on 28 September, the day on 
which the first lot of nymphs were fed. Twelve 
susceptible calves reared under tick-free conditions 
were divided into two groups, A and B. On the six 
calves in group A, one nymph was fed on the Ist day 
of the experiment; two nymphs were fed on the 3rd 
day and six nymphs were fed on the 22nd day. On 
the six calves in group B, one nymph was fed on the 
ist day; two on the 5th day and six were fed on the 
22nd day. The number of ticks fed on the 22nd day 
was greater, therefore, than that used in the first 
experiment, six nymphs being fed instead of three. 
The test for immunity was also less delayed, for on 
10 November, on the 44th day after the first nymph 
had been fed, all the calves were grazed in the tick- 
infested paddock where a large number of the 
R. appendiculatus were known to be infected with 
Theileria parva. All the calves which survived this 
test were removed from this paddock on 21 December 
1948. 

The experiment, therefore, can be divided into two 
distinct parts, and the reactions when nine infected 
nymphs were fed over a period of 21 days can be 
related to those produced when the calves were 
challenged in an infected pasture 44 days later. 





Asa further control on the viability of the infection 
in the nymphae, six ticks were fed on each of two 
calves on the Ist day of the experiment. 

The severity of the East Coast fever reactions 
was assessed as in the previous experiment. 


EXPERIMENTAL RESULTS 
Group A 


One animal in this group died from other causes 
early in the course of this experiment and the results 
of only five calves are available. The reactions pro- 
duced are briefly summarized in Table 1 and Figs. 1-5. 

When infected nymphs were fed on the Ist, 3rd 
and 22nd day only two calves, nos. 5734 and 168, 
showed definite East Coast fever reactions. Calf 
no. 5734 (Fig. 1) showed scanty Koch’s bodies in 
gland smears on the 12th day but the parotids were 
only slightly swollen, and there was no rise in 
temperature or evidence of leucopaenia. After the 
six nymphs had attached on the 22nd day, a severe 
temperature reaction developed 4 days later which, 
with intermissions on the 30th and 36th days, lasted 
until death on the 40th day. With the reappearance 
of Koch’s bodies in gland smears on the 37th day, 
the animal lost all resistance and death took place 
when the temperature was still high. Calf no. 168 
(Fig. 2) developed a temperature reaction from the 
12th to 20th day with swollen prescapular glands; 
Koch’s bodies appeared on the 17th to 18th day and 
there was some leucopaenia. A second abrupt rise 
in temperature occurred on the 28th day but this 
rapidly subsided. 

Calf no. 167 (Fig. 3) showed a rise in temperature 
on the 23rd and 35th days with mild leucopaenia on 
the 36th day, and swelling of the right parotid from 
the 22nd to 27th day. 

When the four surviving calves were grazed in the 
tick-infested paddock on the 44th day, severe fatal 
reactions developed in calves nos. 167 (Fig. 3) and 
5717 (Fig. 4). Calf no. 167 showed an irregular 
temperature reaction from the 54th day until death 
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on the 77th day, the parotids were swollen from the 
53rd day and Koch’s bodies appeared intermittently 
from the 57th to 67th day. In calf no. 5717, the 
temperature reaction was again irregular but was 
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more severe especially on the 58th and 59th days, 
the parotids were markedly swollen from the 61st 
day and Koch’s bodies were constant and numerous 
in gland smears from the 57th day until death. 
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Table 1 
Age in Reaction when infected nymphs Subsequent reaction 
months were fed on Ist, 3rd and 22nd days in tick-infested paddock 


9 Double reaction with death 
3 Mild reaction with Koch’s blue bodies Mild reaction with Koch’s blue bodies 
6 Very doubtful reaction 35th day with Fatal reaction 

no Koch’s blue bodies seen 


10 No reaction 
6 No reaction 





Calf no. 5734 


Fatal reaction 
Mild reaction with Koch’s blue bodies 
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Fig. 1. 


Figs. 1-3. East Coast fever reactions of calves in group A infected by nine nymphae and grazed in tick-infested 


paddock on 44th day. 


Fig. 1. Calf no. 5734, showing mild and fatal reactions when nymphs were fed. 


Fig. 2. Calf no. 168, showing mild temperature reaction and scanty Koch’s bodies and transient leucopaenia on 


each exposure to infection. 


reaction in paddock. 


— Koch’s bodies scanty in gland smears. 
Wi Koch’s bodies numerous. 


Total white cell count. [No differential made.] 


N.P.S. No parasites seen. 
SP. Small piroplasms in blood smears. 


Fig. 3. Calf no. 167, showing mild reaction when nymphs were fed and fatal 
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Figs. 4, 5. East Coast fever reactions in calves in group A (continued). Fig. 4. Calf no. 5717, showing no reaction 
when nymphae fed and fatal reaction in paddock. Fig. 5. Calf no. 172, showing only a mild reaction in 
paddock with scanty Koch’s bodies and transient leucopaenia. 
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Figs. 6-8. East Coast fever reactions in calves in group B infected by nine nymphae and grazed in tick-infested 
paddock on 44th day. Fig. 6. Calf no. 5733, showing only a mild doubtful reaction in paddock. Fig. 7. 
Calf no. 165, showing a fatal reaction when nymphae were fed. Fig. 8. Calf no. 124, showing mild doubtful 
reactions on each infection. 
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Figs. 9-11. East Coast fever reactions in calves in group B (continued). Fig. 9. Calf no. 139, showing mild 


uncertain reaction when nymphae were fed. Fig. 10. Calf no. 5730, showing mild transient reactions on each 


infection. 


Fig. 11. Calf no. 133, showing only a definite temperature reaction when nymphae were fed. 
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Calf no. 133 
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Figs. 12, 18. Reactions of two susceptible calves on which six nymphae had been fed. Fig. 12. Calf no. 169, showing 
definite non-fatal East Coast fever reaction. Fig. 13. Calf no. 170, showing very doubtful reaction. 
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The leucocytic changes in both these calves are 
interesting. In calf no. 167 (Table 2), the leucopaenia 
was evident on the 56th day, the day preceding 
the appearance of Koch’s bodies. There was a slight 
improvement on the 60th and 6lst days which 


Table 2. Total white cell counts and differential counts 
of calf no. 167 from 56th to 75th day of experiment 
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corresponded with the disappearance of Koch’s 
bodies from gland smears. The lowest counts recorded 
were on the 65th and 66th days and Koch’s bodies 
again appeared in gland smears on the 67th day. 
With the disappearance of Koch’s bodies, decrease 
in temperature and improved leucocyte counts on 
the 70th day, the reaction appeared to be terminating 
favourably but the improvement was not maintained. 





Day of In calf no. 5717 (Table 3), leucocyte counts were 
exp. W.B.C. Polymorphe Lymphocytes 
= poe = si Table 3. Total white cell counts and differential counts 
59 2400 48 2352 of calf no. 5717 from 46th to 67th day of experiment 
60 4000 800 3200 Day of 
61 4700 — — exp. W.B.C. Polymorphs Lymphocytes 
63 3025 669 2326 46 18,150 — — 
64 2650 636 2014 56 22,275 —_— _ 
65 1650 990 660 58 23,500 — — 
66 1550 666 894 59 12,550 2,886 9,664 
67 2250 853 1395 60 11,500 1,380 10,120 
68 2825 1186 1639 61 10,450 _— _— 
70 6423 1927 4498 63 5,050 707 4,343 
71 3900 429 3471 64 5,000 900 4,100 
72 4750 665 4085 65 2,900 377 2,523 
74 4100 697 3403 66 2,250 292 1,958 
75 3500 105 3395 67 1,031 21 1,010 
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high from the 46th to 67th day. Although Koch’s 
bodies appeared on the 57th day the counts on the 
56th and 58th days were 22,500 and 23,500 per 
cu.mm. respectively. Leucopaenia developed in two 
definite stages, a fall from 23,500 to 12,550 per 
cu.mm. occurring between the 58th and 59th day, 
and a second abrupt fall from 10,450 to 5050 oc- 
curring between the 61st and 63rd day. All the cells 
took part in this decrease but neutrophiles were 
particularly scanty during the last 5 days. 

In calf no. 172 (Fig. 5), the reaction following 
infestation in the infested paddock was exceptionally 
mild with an irregular reaction between the 64th to 
70th day, with slight swelling of the parotids and 
Koch’s bodies present in gland smears for only the 
64th day. A leucocytosis was present on the 64th 
day and the period of leucopaenia was brief, being 
evident only on the 67th to 70th day. 

The mild reaction of calf no. 168 (Fig. 2) in the 
tick-paddock was the second definite East Coast 
fever reaction to occur in this animal within a period 
of approximately 2 months. The temperature re- 
action was not serious, parotids were only swollen 
from the 64th to 70th day and Koch’s bodies were 
only present in gland smears from the 63rd to 65th 
day. A comparison of the leucocyte counts during 
the two reactions shows that leucopaenia was more 
evident during the first reaction, while during the 
second reaction a low leucocytic count was only 
recorded on the 63rd day, the day Koch’s bodies 
first reappeared in gland smears, and improvement 
occurred while Koch’s bodies were still present. 


Group B 


A summary of the reactions given by the six 
calves in this group is given in Table 4 and Figs. 6-11. 


Table 4 
Calf Age in Reaction when nine infected 
no. months nymphs were fed 
5733 9 Mild reaction 
165 8 Acute fatal reaction 
124 10 Mild reaction 
139 9 Mild reaction 
5730 9 Transient reaction 12-13 days 
133 9 East Coast fever with Koch’s bodies 


When infected nymphs were fed on the Ist, 5th 
and 22nd days, the reaction of calf no. 165 was fatal 
but the reactions in the remaining five animals were 
extremely mild when infected nymphs were fed and 
also later on exposure to infection in the tick- 
paddock. In calf no. 165 (Fig. 7) the temperature 
reaction was severe from the 15th to 29th day, and 
both parotids were markedly swollen, but Koch’s 
bodies were seldom numerous and they disappeared 
from gland smears 4 days before death. 


East Coast fever in Uganda 


Calf no. 5733 (Fig. 6) showed a mild temperature 
reaction from the 20th to 25th day, the right parotid 
gland was markedly swollen from the 17th to 26th 
day and there was evidence of leucopaenia on the 
23rd day, but no parasites were seen in blood and 
gland smears throughout the reaction. Apart from 
mild fluctuations in temperature this calf showed no 
reaction in the tick-infested paddock. 

Calf no. 124 (Fig. 8) showed a temperature reaction 
on the 19th to 29th day and again on the 69th to 
76th day, the parotids being very swollen on each 
occasion, and there was some evidence of leuco- 
paenia on the 30th day and on the 71st to 75th day 
but again no parasites were seen in blood or gland 
smears. 

Calf no. 139 (Fig. 9) showed a fluctuating tempera- 
ture reaction only during the 14th to 30th days with 
the right parotid gland markedly swollen, but there 
was little evidence of leucopaenia and no parasites 
were present in daily smears. 

Calf no. 5730 (Fig. 10) appeared to be developing 
a typical East Coast fever reaction on the 12th and 
13th days with rise in temperature, slight swelling 
of the parotids and marked swelling of the pre- 
scapular glands. Doubtful Koch’s bodies were seen 
in gland smears on the 13th day and scanty small 
piroplasms were found in blood smears on the 15th 
and 16th days, but symptoms rapidly subsided and 
there was evident improvement in leucocyte counts 
from the 12th to 28th day. In the tick-paddock 
a transient temperature reaction with swelling of the 
parotid glands occurred on the 54th day, and asecond 
temperature reaction developed on the 75th to 77th 
day, with swollen prescapular glands and marked 
leucopaenia on the 77th, 78th and 82nd days, but the 
only parasites found were very scanty, small piro- 
plasm in blood smears on the 79th day. 


Subsequent reaction in 
tick-infested paddock 
No reaction 


Mild indefinite reaction 
No reaction 





Transient reaction 75th to 77th day 
No reaction 


Calf no. 133 (Fig. 11) developed a well-marked | 
temperature reaction on the 17th to 27th day, the | 
right parotid gland being swollen from the 15th day, | 
both right and left parotids markedly swollen from 
the 22nd to 24th day and leucocytic counts were | 
below normal on the 19th to 25th day, but no para 
sites were present. The calf was listless and weak on 
the 29th to 37th day, but when grazed in the tick- 
paddock there was no further reaction and improve 
ment in condition was satisfactory. 
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.ture Centres reaction, but the reaction of calf no. 167 showed 
rotid several atypical features especially in the sporadic 
26th Six infected nymphs were fed on the left ear of appearance of Koch’s bodies. 
1 the calves nos. 169 and 170 (Figs, 12, 13) on 28 September In group B the reactions were again in marked 
| and 1948, the first day of the experiment. Calf no. 169 contrast to those seen in group A, one fatal reaction 
from showed a good temperature reaction and the left developed and only mild transient reactions without 
sd no parotid was very much enlarged, but Koch’s bodies the production of Koch’s bodies were seen in the 
were only found in gland smears for 3 days and no remaining five calves. These mild reactions, however, 
ction small piroplasms were present in blood smears. appeared to be sufficient to protect against subse- 
th to Leucopaenia was evident on the 12th day, the count quent re-infection in the tick-paddock (Table 4). 
each on that day having fallen from 12,200 per cu.mm. It is doubtful if the transient reactions seen in 
euco- on the first day to 8900 per cu.mm. Counts on the calves nos. 5734 (on the 12th day), 172 and 168 could 
1 day 15th, 16th, 18th, 23rd and 35th days were 5350, be diagnosed clinically under field conditions, and 
zland 4400, 3900, 5900 and 14,200 per cu.mm. respectively, further investigations as to the infectivity of these 
so recovery was relatively rapid. types of reactions are required. 
pera- Calf no. 170 only showed a mild temperature In calves nos. 165 and 167 Koch’s bodies were 
| with reaction with both parotid glands markedly swollen absent from all tissue smears at time of death, and 
there and mild leucopaenia from the 22nd to 25th day, but diagnosis of the true cause of death by smears alone 
asites no parasites were found in smears and recovery was would therefore be difficult. Reactions such as those 
rapid. given by calves 133 and 139 cast further doubt on the 
oping DISCUSSION AND SUMMARY ability to diagnose East Coast fever by gland-smear 
h and technique. 
elling This experiment showed that infections of Theileria In general, the results of this experiment appear 
. pre- parva were still viable in nymphae of Rhipicephalus to indicate that if the original reaction is mild 
> seen appendiculatus 171 daysold, but whenninenymphae a second reaction may develop within a few weeks 
small were fed on calves at intervals over 22 days the with or without the production of Koch’s bodies. 
, 15th reactions produced were most irregular. The development of a durable resistance to further 
d and In group A reactions varied from acute fataltype attacks may not, therefore, depend on the presence 
ounts to mild, doubtful or no obvious reaction. None of of Koch’s bodies in the peripheral glandular tissues 
idock the four animals which survived was protected from in detectable numbers. 
of the subsequent infection when grazed in a tick-infested 
econd paddock (Table 1). The two fatal reactions which My thanks are due to the Director of Veterinary 
) 77th developed in this paddock varied in intensity; calf Services, Uganda, for his permission to carry out this 
arked no. 5717 showing a typical acute East Coast fever work and to publish this paper. 
ut the 
piro- 
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' Wruson, S. G. (1950). An experimental study of East 
! Coast fever in Uganda. ITI. A study of the East Coast 
fever reactions produced when infected ticks 31 days 
old are fed on susceptible calves in limited numbers 
over a period of 3 weeks. Parasitology, 41, 23. 
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THE ANATOMY OF CYSTICERCUS TAENIAE-TAENIAEFORMIS 
(BATSCH 1786) (CYSTICERCUS FASCIOLARIS RUD. 1808), FROM 
THE LIVER OF RATTUS NORVEGICUS (ERX.), INCLUDING AN 
ACCOUNT OF SPIRAL TORSION IN THE SPECIES AND SOME 
MINOR ABNORMALITIES IN STRUCTURE 


By GWENDOLEN REES, D.Sc. 
From the Department of Zoology, University College of Wales, Aberystwyth 


(With 32 Figures in the Text) 


Cysticercus taeniae-taeniaeformis (Batsch), or as it is 
commonly called C. fasciolaris Rud., the larval stage 
of Taenia taeniaeformis (= T'. crassicollis Rud.) from 
the cat, occurs in the liver and body cavity of rats 
and mice and other rodents in various parts of the 
world. There are many records of its occurrence; 
among which are those of Shipley (1908) and Balfour 
(1922) in England ; Joyeux & Baer (1936) and Dollfus 
(1938) in France; Bartels (1902) in Germany ; South- 
well (1930) in India; Crusz (1947) in Ceylon; and 
Nelson (1924), Luttermoser (1936) and Forbes (1942) 
in America. 

Some work has been done on the anatomy by 
Bartels (1902), but certain aspects are worthy of 
further study, in particular the variations and 
abnormalities which occur in the species. Detailed 
studies have recently been made by Crusz (1947, 
1948) of the early development of the rostellum and 
hooks and of the chemical composition of the latter. 
In the present paper only the fully developed strobi- 
locercus is considered. The musculature, excretory 
and nervous systems are described and some ab- 
normalities noted. Of these, the most interesting is 
the curious spiral torsion which is apparent in some 
specimens, and which was first noted as a spiral 
twisting of the excretory vessels by Nelson (1924). 
It has now been found, however, that the spiral 
twisting involves not only the excretory vessels but 
also the nerve cords and the musculature. 

Nine cysticerci were obtained from the liver of 
eight of fifty-two rats examined, representing an 
incidence of 15-38 %. For detailed studies of the 
musculature, excretory and nervous systems, whole 
mounts and serial sections were prepared. Whole 
mounts were stained with Mayer’s paracarmine and 
sections cut at 74 were stained with Heidenhain’s 
azan. 


EXTERNAL FEATURES 
The body of the larva is elongated, varying in length 


according to age. The smallest specimen measured 
4-0 mm. in length and the largest 150-0 mm. The 


average length for the nine specimens was 57-0 mm. 
The body is segmented, the number of segments 
increasing with the increase in length, reaching 
@ maximum of 544 in the longest. The individual 
segmentsare considerably broader than long through- 
out. At the posterior extremity there is a pear- 
shaped bladder which is small in relation to the size 
of the body. It measures from 1-0 to 5-0 mm. in 
diameter according to the size of the worm. The 
portion of the body between the scolex and the 
bladder is, as a rule, of uniform width, reaching 
@ maximum of 5-0 mm. in diameter. 

The scolex (Fig. 1)* measured 1-76 mm. in breadth 
in one of the largest specimens, the four acetabula 
being each 0-35 mm. in diameter. The rostellum is 
armed with a double crown of thirty-six hooks, 
though the number recorded for the species varies 
from twenty-six to fifty-two. The anterior hooks are 
the larger, measuring 0-38—0-41 mm. in length, and 
those of the posterior row 0-25—0-27 mm. The hooks 
of both rows have a curved blade (Fig. 2) and a 
slightly bifid guard (Fig. 21). 


MUSCULATURE 


The superficial musculature consists of an outer 
layer of circular and an inner layer of longitudinal 
muscles which are continuous throughout the scolex, 
strobila and bladder. 

The deep musculature consists of two layers of 
longitudinal muscles, one of transverse muscles and 
of radial and dorsoventral muscles. The typical 
arrangement of the musculature is best seen in the 
strobila as certain modifications take place in the 
scolex and bladder. 


Muscles of strobila 


A dorsal and a ventral plate of transverse muscles 
are present in each segment (Fig. 3). These are not 
continuous throughout the strobila- but are inter- 


* For meaning of lettering on figures see p. 59. 
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rupted at the junctions of the segments. They do not 
form a complete ring, but laterally the fibres spread 
out passing in groups between the longitudinal muscle 
bundles to end near the surface of the body. A certain 
amount of anastomosis takes place between the 
transverse fibres in this region. 

There are two layers of longitudinal muscles, an 
inner and an outer, arranged in bundles. The inner 
layer lies immediately outside the transverse muscles 
and consists of large bundles packed closely together 
extending without interruption throughout the 
strobila. Laterally the bundles are slightly larger, 
being oval in transverse section and separated from 


lateral nerve cords, the dorsoventral muscles are 
better developed, forming, possibly, a support for 
these structures. 


Muscles of bladder 


Towards the posterior end of the strobila where it 
passes into the bladder the muscles become gradually 
reduced in extent. The dorsal and ventral bands of 
transverse muscles narrow, the fibres diverge 
laterally to a certain extent, but the characteristic 
arrangement seen in the strobila is no longer ap- 
parent. The inner longitudinal muscle bundles 











i.l.m. 


Fig. 1. Scolex, showing muscles of rostellum. 
Fig. 2. (a) Hook of anterior row. 





(6) Hook of posterior row. 


Fig. 3. Half transverse section through body, showing arrangement of musculature and nerves. 
Fig. 4. Half transverse section through bladder, showing excretory pores and reduction of muscles and nerves. 


one another by the lateral extensions of the trans- 
verse muscles. The outer longitudinal muscle bundles 
are separated from the inner by a layer of paren- 
chyma, they lie about half way between the outer 
margin of the inner muscle layer and the surface of 
the body. They are uniformly distributed in a ring 
around the body and are continuous throughout the 
strobila. The bundles are considerably smaller than 
those of the inner layer and consist of fewer and more 
delicate fibres. 

Radial muscle fibres occur in the cortical region 
and dorsoventral muscles in the medulla. Laterally, 
in the neighbourhood of the excretory vessels and 


decrease gradually in size and appear as a uniform 
ring around the strobila, there being no increase in 
size laterally. The outer longitudinal muscle bundles, 
too, are smaller and lie near the surface of the body. 
Passing back through the bladder further reduction 
of these muscle layers takes place. In the early part 
of the bladder the transverse muscles gradually 
disappear altogether, and the longitudinal muscle 
bundles become very small and fewer in number. 
The inner longitudinal muscles eventually become 
reduced to a single layer of fibres (Fig. 4) which 
disappear altogether near the posterior end of the 
bladder. The outer longitudinal muscle bundles lie 
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Fig. 5. Transverse section through scolex immediately behind acetabula, showing inner longitudinal muscle 
arranged in four groups. 

Fig. 6. Transverse section through acetabular region, showing dorsoventral muscles in centre. 

Fig. 7. Transverse section through scolex, showing cerebral ganglia, median nerve commissure and dorso-ventral f 
commissure. 

Fig. 8. Transverse section through scolex, showing base of rostellar sac and eight anterior nerves. 

Fig. 9. Transverse section through scolex, showing rostellar nerve ring. 

. 10. Transverse section through scolex, showing thirty-six apical nerves. 
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close below the body wall; they, too, eventually 
become separated into isolated fibres which persist 
throughout the length of the bladder as do the 
muscles of the superficial system. 

The parenchyma in the central region of the 
bladder breaks down so that an irregular cavity 
filled with fluid is formed, bounded by the cortical 
region of parenchyma and inner longitudinal muscle 
fibres. The excretory vessels and nerves lie in the 
layer of parenchyma lining the wall; they will be 
referred to later. 


—— 


bundles. 


of anterior hooks. 


Fig 
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Muscles of scolex 


The musculature of the scolex is complicated by 
the presence of the rostellum and suckers, but the 
muscles present in the strobila are recognizable in 
the scolex though in a modified form. 

The inner longitudinal muscles pass anteriorly into 
the scolex. As they approach the acetabula they 
divide into four groups, one dorsally, one ventrally 
and one on each side (Figs. 5, 6). Some of the muscles 
become inserted into the posterior border of each 


A. 


, A Yale. 


ae 
EZ 
Pot 


F ig. 11. Transverse section through scolex, showing rostellar sac and uniform band of internal longitudinal muscles. 
F ig. 12. Transverse section through scolex, showing rostellar ‘cushion’ and circular muscles of posterior hooks. 
Fig. 13. Transverse section, showing posterior hooks with their circular muscles and individual longitudinal muscle 


F ig. 14. Transverse section through scolex, showing both rows of hooks and associated muscles. 
Fig. 15. Transverse section immediately in front of rostellar ‘cushion’, showing circular muscles of rostellum and 


- 16. Transverse section through prebulbar zone, showing hooks of anterior row and their associated muscles. 
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acetabulum forming a set of extrinsic muscles, the 
contraction of which serves to move the sucker as 
a whole (Fig. 17). The four groups of longitudinal 
muscles continue forwards in the acetabular region, 
gradually decreasing in size (Figs. 6-10). In front 
of the acetabula these inner longitudinal muscles 
form a continuous ring again, surrounding the 
rostellum and excretory vessels (Fig. 11). They are 
not now arranged in bundles but in a uniform band 
of fibres encircling the scolex. Some of these con- 
tinue forwards and are inserted into the apex of the 
scolex (Fig. 18), while others become associated with 
the rostellar hooks. On the inner side of each hook of 
the posterior row longitudinal fibres collect to form 
a small bundle which continues forwards, being 
inserted eventually into the handle of the hook 
(Figs. 13, 14). 

The outer layer of longitudinal muscles also 
continues forwards into the scolex (Figs. 5-10). 
In front of the acetabula these, too, form a continuous 
band of fibres, the bundles being no longer recog- 
nizable (Figs. 12, 13). Some of the fibres continue 
forwards to the apex of the scolex while others 
become associated with the pockets lodging the 
hooks. These latter are first apparent as small 
bundles alternating with the hooks of the posterior 
row and situated just outside the guards of the 
anterior row of hooks (Fig. 14). Passing forwards 
each of these bundles divides into two, the division 
being necessitated by the presence of the anterior 
hooks (Fig. 15), the fibres are eventually inserted 
into the walls of the hook pockets mainly of the 
posterior row of hooks, but a few continue for- 
wards to the pockets of the anterior row. Other 
muscles associated with the hooks will be referred 
to later. 

The dorsal and ventral plates of transverse 
muscles are present in the posterior region of the 
scolex behind the suckers (Fig. 5). The fibres of 
which they are composed are more widely separated 
than in the strobila and diverge over a greater area 
laterally. In the acetabular region (Figs. 6, 7) the 
transverse muscles become more irregular and more 
scattered and, together with the dorsoventral 
muscles, form a network of delicate fibres in front 
of the brain and surrounding the base of the rostellum 
(Figs. 7-10). 

Dorsoventral fibres are present in the proximal 
region of the scolex, where they have the same 
arrangement as in the strobila (Fig. 5). Immediately 
behind the median nerve commissure they form 
a well-defined band across the middle of the scolex 
(Fig. 6), while laterally and in front of this they 
contribute to the general network of muscle fibres 
occupying the central region of the scolex and 
surrounding the base of the rostellum. 

With the reduction in extent of the cortical region 
the radial muscles are absent from that part of the 
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scolex occupied by the acetabula and the region 
anterior to them. 

There are, in addition, other muscles in the scolex 
which are concerned with the movement of the hooks 
and the rostellum. These are the superficial oblique 
muscles and the remaining muscles of the hooks, 

The superficial oblique muscles are present ag 
a double series over the whole surface of the scolex, 
situated between the inner and outer layers of 
longitudinal muscles. Behind the acetabula they 
are only present dorsally and ventrally (Fig. 5), but 
passing forwards they extend around the whole 
scolex surrounding the suckers both internally and 
externally, being interrupted only at their apertures 
(Figs. 6-10,and 17). Inthe preacetabular region they 
form a continuous layer (Figs. 11-13), gradually 
diminishing in extent anteriorly where they ar 
inserted into the cuticle. The contraction of this 
double series of oblique muscles probably assists in 
the protrusion of the rostellum. 

Some of the muscles associated with the hooks, 
namely those derived from the longitudinal muscles 
of the body, have already been mentioned. There is, 
in addition, a circular band of muscle fibres as. 
sociated with the hooks of each row. They are better 
seen in the case of the posterior hooks where they 
form a distinct band of fibres situated between the 
inner longitudinal and the oblique muscles im- 
mediately behind the guards of the hooks of the 
posterior row (Fig. 12). This band of muscles con- 
tinues forwards to surround the guards of the 
posterior hooks, some of the fibres being attached to 
consecutive hooks so that they are connected with 
one another in a ring around the scolex. In the case 
of the anterior row of hooks the circular arrangement 
of a similar set of fibres is not so clearly apparent. 
The fibres lie close to the rostellum and inside those 
longitudinal muscle bundles which are associated 
with the posterior row of hooks. Owing to the 
presence of the posterior hooks the circular muscles 
connecting the guards of the alternating anterior 
hooks have to proceed in a series of loops in the 
process of connecting the hooks of the anterior row 
with one another (Figs. 14, 15). These muscles 
continue forwards, becoming more extensive and 
separating into two series which join the handles of 
the hooks of the anterior row with one another all 
around the scolex forming a double series of muscles 
between each two consecutive hooks (Fig. 16). 

The muscles associated with the two rows of 
hooks, therefore, differ slightly. The posterior hooks 
are provided each with a band of longitudinal 
muscles not possessed by the anterior hooks, whereas 
the latter have a more extensive musculature 4 
sociated with their handles which is not apparent 2 
the posterior hooks. All these muscles produce 
rapid and exact change in position of the hooks 
which are capable of individual as well as concerted 
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movements. The position of the hooks is of course 
altered by movements of the rostellum itself. 


ROSTELLUM 


The rostellum is well developed and occupies the 
central region at the apex of the scolex. It bears 
anteriorly the double crown of hooks (Fig. 1). It 
consists of a protractile muscular ‘cushion’ and 
a muscular rostellar sac. 
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The rostellar sac consists of five layers of muscle 
fibres. In the expanded state it has the shape of 
a biconvex lens (Fig. 1), and when contracted as- 
sumes the form of a deep cup-shaped structure into 
which the muscular ‘cushion’ can be withdrawn 
(Figs. 17, 18); the muscle layers are very much 
narrower in the contracted than in the expanded 
state. The muscle fibres of the successive layers are 
alternately placed so that they cross one another in 
the central region forming a very effective contractile 
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Fig. 17. Longitudinal (horizontal) section through scolex, showing part of polygona] commissure, dorsal commissure 


and dorsal nerves. Rostellum withdrawn. 


Fig. 18. Median horizontal section through scolex, showing median commissure, dorsoventral commissures and 


main lateral nerves. 


Fig. 19. Terminal bladder, showing dorsal excretory vessel on right and ventral excretory vessel on left, also 


nerves. 


Fig. 20. Dorsal and ventral excretory vessels near scolex and dorsal half of cephalic ring, or network of excretory 


vessels, in scolex. 
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mechanism (Figs. 10, 11, 17 and 18). The five muscle 
layers converge towards the margin where they are 
inserted into the limiting layer surrounding the 
muscular ‘cushion’ lying immediately in front 
(Fig. 1). There is no definite limiting layer around 
the rostellar sac itself. 

The muscular ‘cushion’ consists of a large bundle 
of fibres limited behind by a musculo-fibrous sheath 
(Fig. 1). In the contracted state, that is when the 
rostellum is withdrawn, vertical fibres are concen- 
trated in the central region and more sparsely distri- 
buted in the outer zone where radial fibres are present 
(Figs. 17, 18). In the expanded state when the 
rostellar sac assumes its biconvex shape and presses 
against the under side of the muscular ‘cushion’, the 
latter is pushed out and becomes much flattened in 
shape. The vertical fibres are still apparent in the 
centre, while the radial fibres spread out marginally 
all around these, taking an almost horizontal course 
instead of an oblique one as in the contracted state 
(Figs. 1 and 12-14). A well-defined band of circular 
muscles surrounds the anterior end of the muscular 
‘cushion’ (Figs. 15, 17 and 18). In front of the rostellar 
‘cushion’ is the prebulbar zone, a small apical region 
composed of parenchyma containing a few scattered 
muscle fibres (Figs. 15, 16 and 18). The hooks are 
situated at the base of the prebulbar zone. 

The rostellum is protruded by the contraction of 
the muscle layers of the rostellar sac assisted by the 
simultaneous contraction of the superficial oblique 
muscles of the scolex. The rostellum is withdrawn by 
contraction of the muscles of the muscular ‘cushion’ 
and the circular muscles around its anterior end. 
The muscles of the hooks probably function very 
largely at the same time as those of the rostellum 
itself so that the hooks and rostellum are withdrawn 
and protruded simultaneously, although the hooks 
are doubtless capable of a certain amount of 
individual movement. 

In the expanded scolex the blades of the hooks 
extend horizontally outwards all around the rostel- 
lum (Fig. 1), in the contracted scolex they are with- 
drawn backwards, the handles pointing posteriorly, 
the blades anteriorly with the guards on the outer 
side (Fig. 20). The points of the hooks then lie in 
@ groove surrounding the base of the prebulbar zone 
(Fig. 20). 


EXCRETORY SYSTEM 


Excretory vessels of the strobila. A dorsal and 
a ventral excretory vessel extend the whole length 
of the strobila on each side. The ventral is the larger 
and is situated on the outer side of the dorsal (Fig. 3). 
At the posterior end of each segment a transverse 
vessel joins the ventral vessel of one side with that of 
the other. There are in each case two points of 
junction as the transverse vessel bifurcates on each 
side of the segment, one branch passing above and 
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one below the corresponding dorsal vessel before it 
joins the ventral vessel (Figs. 3, 20, 25 and 27), 
Both dorsal vessels therefore pass backwards through 
a series of rings formed by the bifurcation of the 
transverse vessels on each side. 

Excretory vessels of the bladder. Posteriorly the 
dorsal and ventral excretory vessels enter the bladder 
on each side (Fig. 19). At about a third of the length 
of the bladder both vessels begin to branch, each 
eventually forming a network, the dorsal vessel lying 
near the dorsal body wall and the ventral vessel near 
the ventral body wall in the layer of parenchyma 
which surrounds the central cavity. At the posterior 
end of the bladder the two dorsal and the two ventral 
vessels, respectively, become continuous with one 
another. The network does not extend into the 
median region of the bladder either dorsally or 
ventrally. There is no terminal excretory pore, 
instead the dorsal and ventral network of vessels 
communicates with the exterior by a number of 
small irregularly placed excretory pores (Figs. 4, 19). 

Excretory vessels of scolex. A complicated network 
of vessels is present in the scolex. In the acetabular 
region the two dorsal and two ventral vessels are 
connected with one another by a broad network of 
vessels which encircles the scolex (Fig. 20). For 
convenience this will be referred to as the cephalic 
ring. Immediately behind the cephalic ring the two 
dorsal and the two ventral vessels give off a number 
of branches extending towards the centre of the 
scolex which end blindly or are in the form of loops. 
Other branches are given off on the outer side of 
each dorsal vessel at about the same level and, after 
taking a slightly sinuous course, open into the 
corresponding ventral vessel immediately behind the 
cephalic ring (Figs. 6, 20). From the cephalic ring 
branches are given off to the suckers forming a net- 
work around each (Figs. 6-10). Immediately behind 
the rostellar sac and in front of the median com- 
missure excretory vessels pass from the inner 
side of the ring towards the central region of the 
scolex, forming a network there which extends 
forwards for a short distance all around the rostellar 
sac between it and the eight anterior nerves (Fig. 8). 
From the anterior end of the cephalic ring a large 
number of excretory vessels passes forwards on the 
outer side of the rostellar nerve ring to the anterior 
end of the scolex where they end blindly (Figs. 9-11). 


NERVOUS SYSTEM 


The nervous system consists of a brain and com- 
plicated system of nerves in the scolex and of laterl, 
dorsal and ventral nerve cords in the strobila. 
Nerves of the strobila. There are ten longitudinal 
nerves running throughout the strobila, three 0 
each side, two dorsally and two ventrally. The three 
lateral nerves lie on the outer side of the excretory 
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vessels and between them and the longitudinal muscle 
bundles (Figs. 3, 5 and 6). The main lateral nerve is 
the largest and is dorsoventrally oval in transverse 
section. The outer lateral nerves, situated one im- 
mediately dorsal, and the other ventral, to the main 
lateral nerve, are smaller, rounded in transverse 
section and have smaller fibres. The two dorsal and 
two ventral nerves are situated at about a third of 
the distance from the lateral margins and lie between 








lateral nerves continue as very delicate structures to 
about two-thirds of the length of the bladder after 
which all trace of them is lost (Figs. 19, 4). 

Nerves of the scolex. In the scolex the three lateral 
nerves unite on each side to form a large cerebral 
ganglion (Figs. 7, 18, 21 and 22). Each ganglion is 
bilobed in its anterior half, one lobe being dorsal and 
one ventral; each of these lobes is again divided in 
the same plane (Fig. 21). The two cerebral ganglia 





Fig. 21. Nervous system of scolex from dorsal side. 


23 


Fig. 22. Diagram of anterior view of cerebral ganglia and associated commissures. Dorsal and ventral commissures 


displaced outwards. 


Fig. 23. Diagram of commissures as observed by Bartels (after Bartels, 1902). 


the transverse muscles and the inner longitudinal 
muscle bundles. They are slightly smaller in diameter 
than the outer lateral nerves (Figs. 3, 5). 

Nerves of the bladder. The ten longitudinal nerves 
enter the bladder posteriorly. They gradually de- 
crease in size and at about half the length of the 
bladder the two dorsal and two ventral nerves 
terminate (Fig. 19). The outer lateral nerves 
terminate at about the same level while the main 


are united across the centre of the scolex by a broad 
median commissure which is slightly curved, follow- 
ing the curve of the posterior border of the rostellar 
sac behind which it lies (Figs. 7, 18, 21 and 22). The 
curvature is more marked when the rostellum is 
withdrawn (Fig. 18). 

The two dorsal and two ventral nerves enlarge 
slightly to form small ganglia at about the same level 
as the median commissure. These are connected 
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together dorsally and ventrally, and each is con- 
nected laterally to the neighbouring cerebral ganglion 
so that a ring-shaped or polygonal commissure is 
formed surrounding the median one (Figs. 17, 21 and 
22). The polygonal commissure, too, is curved, 
following the curve of the rostellum so that, like the 
median commissure, it does not appear in entirety in 
one transverse section. An additional dorsal and 








ventral commissure connects the two dorsal and the 
two ventral nerves respectively, these are situated 
just outside and slightly behind the polygonal com. 
missure and are not connected to the cerebral ganglia 
laterally so that no second ring is formed (Figs. 17, 21 
and 22). In the same region the two dorsal nerveg 
are connected with the two ventral nerves by two 
dorsoventral commissures. These arise from the inner 


























Fig. 24. Diagram showing multiplication of lateral margin of strobila. 

Fig. 25. Diagram showing duplication of ventral excretory vessel over a number of segments. 

Fig. 26. Diagram of a chiasma, showing the spiral twisting of excretory vessels and nerves of strobila. Dorsal 
view. Three lateral nerves represented by single dotted line. 

Fig. 27. Diagram showing delayed crossing of excretory vessels which run here down centre of strobila with 


transverse vessels forming loops on one side. 
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Figs. 28-32. A series of transverse sections through a chiasma, showing the spiral torsion of the internal organs 
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Fig. 28. Beginning of movement of excretory vessels and nerves of right side, dorsally, and of left side, ventrally. 
Fig. 29. Excretory vessels and lateral nerves nearing central region of body. Two dorsal nerves now on the 
_ left side and two ventral nerves on the right side. Longitudinal muscles appear oblique. 
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two dorsal and two ventral nerves (Figs. 8, 21 and 22). 
The anterior nerves continue forwards for a short 
distance when they are united with one another by 
a rostellar nerve ring surrounding the rostellar sac 
(Figs. 9, 21). From the rostellar nerve ring there arises 
anteriorly a circle of thirty-six apical nerves which 
continue forwards on the inner side of the excretory 
vessels to near the bases of the Hooks (Figs. 10, 21). 
The number of apical nerves is significant as it is the 
same as the number of hooks in the specimens 
examined ; possibly they supply the muscles moving 
the hooks. The apical nerves lie very close together, 
but there is no evidence of their fusing to form an 
apical nerve ring. 

Other nerves arise from the ganglia to supply 
various parts of the scolex. From each bilobed 
cerebral ganglion an outer anterior nerve arises 
dorsally and ventrally on each side. These have no 
connexion with the rostellar nerve ring but supply 
the antero-lateral region of the scolex (Figs. 21, 22). 
An unpaired lateral nerve arises from each cerebral 
ganglion just anterior to the origin of the lateral 
nerve cords and passes more or less directly outwards 
to supply the lateral region of the scolex (Figs. 18, 21 
and 22). From each of the dorsal and ventral ganglia 
there arises on the outer side a bothridial nerve which 
bifurcates shortly after its origin, one branch passing 
in front and the other behind the acetabulum in each 
case (Figs. 17, 21 and 22). 

Bartels (1902) has described two arrangements for 
the brain and associated nerves, neither of which 
agrees entirely with the present observations. In his 
main description Bartels found a fine connecting 
nerve passing between the lateral ganglia and 
the forked dorsoventral commissure dorsally and 
ventrally on each side (Fig 23), forming almost 
another polygonal commissure inside the main one. 
The ring is, however, incomplete between the two 
dorsal and the two ventral nerves. No trace of such 
nerves was found in the present study. He made no 
mention of the additional connexion between the 
two dorsal and the two ventral nerves on the outer 
side of the polygonal commissure as is seen here in 
Fig. 22. Bartels mentioned six nerves continuing 
forwards beyond the commissures and uniting 
eventually to form the rostellar nerve ring. In the 
present case there are eight, two on each side instead 
of one (Figs. 8, 21 and 22). He also found only up to 
twenty apical nerves arising from the rostellar ring 
to pass forwards &nd which he described as joining to 
form an apical commissure in the neighbourhood of 
the hooks. In the present case thirty-six apical 
nerves were found, coinciding with the number of 
hooks, and there is no apical nerve ring. Bartels 
also described nerves arising from the dorsal, ventral 
and lateral ganglia which fork around the suckers, 
while here there is only one bothridial nerve supplying 
each sucker and these arise from the two dorsal and 
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two ventral ganglia. He has made no mention of the 
outer anterior nerves or unpaired lateral nerves 
found in the present specimens. 

Bartels, however, described one larva in which the 
arrangement of the polygonal commissure was 
different and more like that of the specimens de. 
scribed in tne present paper. The inner incomplete 
polygonal commissure was absent, the outer con. 
necting nerves between the two dorsal and the two 
ventral ganglia were present and there were eight an- 
terior nerves as is the case in the specimen described 
by the writer. He stated, however, that in this case 
there was no rostellar nerve ring and no apical nerve 
ring ; the former is, however, well represented in the 
specimens examined in the present instance but 
there is no apical nerve ring. Again there was no 
mention of the outer anterior nerves or lateral 
unpaired nerves. 

Bartels suggested that this might be a new species, 
but at the same time indicated that in all other 
respects the anatomy was identical in both worms 
and no other species of the genus has been recorded 
from the liver of the rat. It seems likely, therefore, 
that the nervous system in the scolex of Taenia 
taeniaeformis can vary. The description given in the 
present paper resembles in some respects both forms 
described by Bartels and is in many ways inter- 
mediate between the two. 


GENITALIA 


No rudiments of genitalia have been found anywhere 
in the specimens available. Nelson (1924) found 
genital rudiments in two specimens from a musk rat. 
In one in which there were 223 segments he found 
that reproductive rudiments were present in seg- 
ments 25-87, after which they disappeared. Other 
writers have failed to find genital rudiments; this, 
too, may be a variable feature of the species. 


MINOR ABNORMALITIES IN STRUCTURE 


There has been reference from time to time to some 
slight variations and abnormalities in structure ex- 
hibited by Cysticercus taeniae-taeniaeformis. Dollfus 
(1938) described two polycephalous forms, one with 
six segmented branches arising from a central bladder 
each branch terminating in a scolex, and another 
with twelve branches. All the forms found in the 
present investigation, however, were monocephalic. 
A common abnormality is the multiplication of the 
lateral margin of the strobila. Neveu-Lemaire (1936) 
stated that such an aberration had been described 
by Bremster and Yoshida for Taenia taeniaeformis. 
In the present investigation specimens were found 
which showed doubling, trebling or even further 
subdivision of the lateral margin of the strobila for 
short distances. Fig. 24 shows an instance where the 
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margin is quadrupled over an interval of three seg- 
ments and divided twice or three times over a total 
of twelve segments. Fig. 26 shows duplication 
extending over nine segments. The division of the 
margin is not deep, it does not reach as far as the 
lateral nerve cords so that apart from a slight re- 
arrangement of the longitudinal muscle bundles 
laterally, the division has no effect on the internal 
anatomy, at least in the larval stage. The multiplica- 
tion may take place several times in a strobila and 
either side or both sides. It is shown to some extent 
in the sections figured (Figs. 29-32). 

The excretory system may show some slight 
abnormalities. In one specimen examined the ven- 
tral excretory vessel of one side was found to be 
doubled over a distance of twenty-five segments 
(Fig. 25). The extra vessel lay just to the outside of 
the main ventral vessel. It ended blindly at both 
extremities and was connected with the ventral 
vessel by a short transverse vessel at the posterior 
end of each segment. 

As already mentioned, the nervous system of the 
scolex shows several minor variations in the arrange- 
ment of the commissures and nerves. 


TORSION 


By far the most striking abnormality which occurs 
in Cysticercus taeniae-taeniaeformis is the spiral tor- 
sion of the internal organs shown in some specimens, 
a torsion which does not, apparently, involve the 
surface layers of the body. On removal from the 
liver of the host the larvae in question appear 
perfectly normal with the flattened strobila extending 
in one plane behind the scolex. It is not until the 
specimens are rendered transparent that the torsion 
of the internal organs becomes evident. In whole 
mounts it is first apparent as a crossing of the lateral 
excretory vessels. Nelson (1924) observed a similar 
crossing of the excretory vessels in a cysticercus of the 
same species from a muskrat. He found that they 
crossed over to pass down the opposite side of the 
body for a number of segments and then recrossed 
and crossed again, forming altogether eight chias- 
mata. Three specimens examined in the present 
instance showed a similar condition, one having one 
chiasma, another three and another five. Nelson 
stated that it is only the excretory vessels that are 
concerned in the cross over, ‘the lateral nerve cords 
while inclining towards the median line at the region 
of crossing do not follow the water tubes over to the 
opposite side’. In the specimens examined by the 
writer, however, not only are the excretory vessels 
involved but also the nerve cords and longitudinal 
muscles, the condition appearing to be one of spiral 
torsion. 

The fact that more than the excretory vessels was 
involved in the chiasmata was suspected from a pre- 


liminary examination of whole mounts, where it was 
seen that the longitudinal muscles of the body fol- 
lowed the direction of the excretory vessels, passing 
diagonally across the strobila and taking an opposite 
course on the dorsal and ventral sides. The course of 
the longitudinal nerves could not be followed in 
whole mounts. Sections of a region of the strobila 
through one of these chiasmata were therefore made 
and from these it is clearly apparent that the whole 
of the internal organization has become spirally 
twisted (Figs. 28-32). The various systems involved 
will be considered in turn. 

Excretory system. The spiral in this specimen is an 
anticlockwise one or a crossing of right over left. 
The two lateral excretory vessels of the right side 
move dorsally and those of the left side ventrally so 
that they gradually approach the middle line dorsally 
and ventrally (Figs. 26, 28 and 29), eventually lying 
directly above one another at the chiasma itself 
(Figs. 26, 30). Thereafter the vessels of the right 
side, now placed mid-dorsally, continue their move- 
ment over to the left side and those of the left side 
now lying mid-ventrally continue over to the right 
side, so that they both eventually come to lie on the 
opposite side of the segment to that on which they 
were originally placed (Figs. 31, 32). There is a slight 
change in the relative positions of the dorsal and 
ventral vessels during the crossing over. Normally 
the dorsal vessel lies just on the inner side of the 
ventral (Fig. 28). To bring them into this position 
after the cross the dorsal and ventral vessels of each 
side respectively must cross one another. This may 
take place before the main crossing over, as happens 
here on the left side (Figs. 28-32), or just after the 
main cross as is seen on the right side, where the 
adjustment in position of the dorsal and ventral 
vessels relative to each other is delayed. 

Nelson (1924) stated that no transverse excretory 
vessels could be distinguished in specimens showing 
crossings. This is not the case in specimens examined 
by the writer, where the transverse vessels were 
present throughout, appearing in every segment even 
at the point of crossing. In a whole mount it can be 
seen that as the lateral vessels approach the centre 
of the body the transverse vessels become progres- 
sively shorter, being at a minimum where the actual 
cross takes place (Fig. 26). After the cross and as the 
lateral vessels diverge the transverse vessels become 
progressively longer again. The same shortening and 
subsequent lengthening of the transverse vessels can 
be seen in the transverse sections. At the actual 
chiasma the transverse vessel which now passes 
dorsoventrally is thrown into an S-shaped bend 
(Fig. 30). The double connexion of the transverse 
vessel with each lateral ventral vessel is maintained 
throughout, the dorsal vessels passing as usual 
through the loops so formed. 

Musculature. The superficial musculature does not 
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seem to be involved in the torsion, but the deep 
musculature is as much affected as the excretory 
vessels. Both internal and external longitudinal 
muscle bundles follow the movement of the ‘ex- 
cretory vessels. This is apparent both in whole 
mounts and in transverse sections. The bundles 
become increasingly oblique both dorsally and 
ventrally as the chiasma is approached (Figs. 28, 29), 
and those from the ventral side turn around one 
lateral margin to pass on to the dorsal side and those 
of the dorsal pass around the other lateral margin to 
the ventral side. After the crossing they gradually 
straighten out again and the muscles which were 
formerly dorsal are now ventral and vice versa 
(Figs. 30-32). 

The dorsal and ventral transverse muscles are 
present throughout. They, too, are involved in the 
torsion but the twisting is not as easily apparent 
as in the case of structures running longitudinally. 
They do not remain as two distinct bands but 
become more delicate and tend to form a loose 
network in the central region of the segment (Figs. 
28-32). 

Nervous system. The ten longitudinal nerve cords 
are affected in the same way as are the excretory 
vessels and muscles. The three lateral nerve cords 
follow closely the movement of the lateral excretory 
vessels. They remain on the outer side of the ex- 
cretory vessels and pass with them towards the 
middle line (Figs. 28, 29). At the chiasma the three 
lateral nerves from the right side lie dorsally to the 
two lateral excretory vessels of the same side, and the 
three lateral nerves from the left side lie ventrally to 
the lateral excretory vessels of the left side (Fig. 30). 
Beyond the chiasma they diverge to the sides of the 
body, eventually coming to lie, as is the case with the 
excretory vessels, on the opposite side to that on 
which they were originally placed (Figs. 26, 31 and 
32). The relative positions of the outer lateral nerves 
are changed during this crossing over, those which 
were dorsal are now ventral and vice versa. 

The two dorsal and two ventral nerves also follow 
the general movement around the body and when 
the lateral nerves take up a central position the dorsal 
and ventral nerves become lateral. The nerve which 
was originally the left dorsal is now the left ventral, 
and the original right dorsal is now the left dorsal 
(Figs. 28-30). By the time the chiasma is complete 
the two dorsal and two ventral nerves have com- 
pleted their rotation and have changed places, the 
original left dorsal becoming the right ventral and 
the right dorsal the left ventral and vice versa. 

The nerves and the excretory vessels retain their 
position relative to the surface of the body and to 
the muscle layers during the crossing over. The three 
lateral nerves become slightly reduced in size and 
are a little further separated from one another than 
in the normal strobila (Figs. 3 and 28-32). 





From an examination of transverse sections, there. 
fore, it is evident that a spiral twisting of all the 
internal organs of the body takes place at the 
chiasmata. In the specimen sectioned the spiral is 
an anticlockwise one involving in the whole length 
of the body one and a half complete turns, which in 
surface view gives the appearance of three chiasmata. 
Of the other specimens, one showed half a turn or one 
chiasma and the other two and a half turns or five 
chiasmata. The distribution of the chiasmata is 
quite erratic. In the worm showing a single chiasma 
it occurred in segment 394 out of a total of 474, and 
in the worm with three chiasmata and which in- 
cluded 544 segments the three chiasmata were 
situated in the following segments: 335, 439-441 and 
520-524. In the one with five chiasmata they were 
again irregularly disposed, the most posterior one 
being close to the terminal bladder. Each individual 
crossing may take place rapidly (Fig. 26), involving 
only one or a very few segments, or it may be delayed 
over a large number of segments (Fig. 27). In the 
latter case the excretory vessels and nerves of both 
sides pass down the centre of the body for some 
distance before they eventually diverge again. When 
this is so, the transverse excretory vessels form 
a series of loops on one side, being carried over when 
the crossing is finally accomplished. 

It is not uncommon to find duplication of the 
lateral margin of the strobila coinciding with the 
chiasmata (Fig. 26), but there is no connexion 
between duplication and torsion—the two conditions 
can occur quite independently. 

This spiral twisting of the organs of the body must 
occur before growth and strobilation in the neck 
region has begun. As all the internal structures are 
involved, it seems possible to explain the abnormality 
as being the result of torsion during the growth of the 
larva, a torsion which may be repeated any number 
of times and becomes in all cases carried backwards 
with the formation of new segments in the neck 
region. Unfortunately, no specimens were found 
showing any trace of a chiasma near the scolex. 
The torsion seems to occur as a matter of chance 
and there is no regularity in the distribution of the 
chiasmata. It is curious that the surface layers of 
the body take no part in the torsion. The contour of 
the body and the position of the lateral margins 
remain constant throughout; the portions which 
are involved are all those structures including 
and lying within the outer longitudinal muscle 
bundles. 

Nelson (1924), who was of the opinion that it is 
only the excretory vessels which cross, suggested that 
the excretory tubes grow out independently of the 
nervous system in the growing zone, and that ab- 
normalities in the excretory vessels must be the 
result of variations in the process of their original 
differentiation in the neck region. 
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However, when all the internal structures are 
found to be involved in the twisting, the explanation 
of spiral torsion at an early stage of growth seems 
the simplest and most obvious. 


SUMMARY 


1. The musculature and excretory and nervous 
systems of Cysticercus taeniae-taeniaeformis are 
described. 

2. Thenervous system consists of ten longitudinal 
nerve cords in the strobila and of a brain and com- 
plicated system of nerves in the scolex. The nervous 


system of the scolex shows several variations on the 
earlier description by Bartels (1902). 

3. Minor abnormalities have been found in the 
form of multiplication of the lateral margins and 
duplication of the ventral excretory vessels. 

4. Three specimens showed spiral torsion of the 
internal organs involving the musculature and 
excretory and nervous systems of the strobila. The 
number of turns of the spiral and the positions of the 
chiasmata are variable. It is suggested that the spiral 
twisting occurs before growth and strobilation in 
the neck region has begun, the chiasmata being 
carried back as new segments are formed. 


Key to lettering of figures 


(All drawings are semi-diagrammatic and have been simplified for clarity) 
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a. acetabulum m.c. median nerve commissure 
ah. anterior hook m.cu. muscular ‘cushion’ of rostellum 
an. anterior nerve m.f. musculo-fibrous sheath 
apn. apical nerve m.l.n. main lateral nerve 
bn. bothridial nerve 0.a.n outer anterior nerve 
e chiasma o.l.n outer lateral nerve 
Cg. cerebral ganglion o.l.m outer longitudinal muscles 
C.m.y circular muscles of posterior hooks ob.m. _— superficial oblique muscles 
, CMe circular muscles of anterior hooks pb. prebulbar zone 
c.mr. circular muscles of rostellum pe. polygonal commissure 
Cr. cephalic ring of excretory vessels ph. posterior hook 
d.c. dorsal commissure rm. radial muscles 
dev. dorsal excretory vessel rn? rostellar nerve ring 
din. dorsal nerve r.8. rostellar sac 
d.n.(v.) dorsal nerve twisted round to ventral side tev transverse excretory vessel 
dv.m. dorso-ventral muscles t.m. transverse muscles 
ev. excretory vessels ul.n unpaired lateral nerve 
ex.p. excretory pore v.c. ventral commissure 
ilm. inner longitudinal muscles V.E.U. ventral excretory vessel 
lLm.h. longitudinal muscle bundles of posterior vm. vertical muscles 
hooks Un. ventral nerve 
Lm.p. longitudinal muscles of hook pockets v.n.(d.) ventral nerve twisted round to dorsal side 
Ln. three lateral nerves 20. X-shaped dorsoventral commissure 
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PENTASTOMA GRACILE (LINGUATULIDAE) AS A HUMAN PARASITE 


By H. SANDON, Zoology Department, Gordon Memorial College, Khartoum 


(With 4 Figures in the Text) 


The single specimen which is the subject of this note 
was found embedded in a pellet of faeces in a 
sanitary bucket at Khartoum. No further specimens 
were found on subsequent examinations and no 
eggs were found. 


about 2-5 mm. long in the posterior part. The first 
two annuli, situated just behind the cephalothorax, 
are less distinct than the rest, and at the posterior 
end they become indistinct and fade out completely 
a little in front of the anus. One hundred and seven 
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Fig. 2. Anterior end, lateral view, showing appendages and papillae on right side. 
Fig. 3. Anterior end, from ventral side, showing mouth and appendages. 
Fig. 4. Posterior end, from ventral side, showing anus, presumed genital pore and ventrolateral lines. 


DESCRIPTION 


The body is 48 mm. long, cylindrical, with rounded 
ends and slightly curved in a dorsoventral plane. 
It is 1-5 mm. wide at the anterior end and tapers 
slightly to 1-2 mm. posteriorly. Except at the ends 
the surface is marked into numerous annuli which 
are about 0-4 mm. long in the anterior part and 


distinct rings can be counted, and another three or 
four are vaguely indicated in front of the anus. There 
are no deep grooves between the annuli so that the 
body has straight and parallel contours and is not 
beaded. 

The four hooks are borne on well-developed 
appendages, arranged as an anterior and a posterior 
pair. Fine transverse striations on the surface of 
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these appendages suggest that they are mobile and 
retractile. Strands of tissue attached to the bases 
of the hooks are no doubt retractor fibres. The hooks 
are all double, strongly recurved, non-serrated, 
hollow and composed of material resembling chitin 
in appearance. A very thin plate of similar material 
is present on each appendage at the base of the 
hooks. 

The mouth is oval and situated between the 
posterior pair of appendages. Its anterior border is 
indistinct as the thickened lip (? chitinous ring) 
which surrounds the rest of the mouth is not evident 
there. The anus is subterminal and ventral. The 
genital aperture cannot be identified with certainty, 
but a small spot on the ventral surface just anterior 
to the anus probably corresponds to it (Fig. 4). 

A pair of small papillae is present just anterior and 
dorsal to the first pair of appendages. Two further 
pairs of even smaller papillae can be seen with 
difficulty on the sides of the cephalothorax just 
posterior to the first pair (Fig. 2). 

The colour is creamy white. A translucent ventro- 
lateral line runs along each side from the ninth 
annulus to the side of the anus. Although the cuticle 
is extremely thin it is highly impermeable, since 
repeated attempts to clear the specimen were 
invariably unsuccessful even when carried out 
slowly over a period of several weeks. The resulting 
preparation is unfortunately too shrunken for the 
study of the internal structure. 


SYSTEMATIC POSITION 


The Family Linguatulidae, as reviewed by Sambon 
(1922), comprises thirteen genera and nearly fifty 
species. The cylindrical body and trapezoidal 
arrangement of the hooks show that the present 
specimen is a member of the subfamily Sebekini, 
whose members are also characterized by a ventro- 
lateral groove represented here no doubt by the 
‘ventrolateral lines’. On the other hand, in the 
typical adult Sebekini, as in the other linguatulids, 
the hooks are set in depressions of the body and not 
at the ends of limb-like appendages. Figures of one 
immature specimen given by Sambon are, however, 
strikingly similar to those given here. Concerning 
this he writes: 

‘Some years ago, together with the large spiral 
species I have described under the name of Leiperia 
cincinnalis, Prof. R. Leiper gave me a small 
immature linguatulid found in the lung of the same 
crocodile host. A similar specimen was found in the 
heart of a crocodile, no doubt of the same species 
(Crocodilus niloticus) by the Rhodesian expedition 
of 1907-1908. Both specimens present a long, 
straight, slender, closely annulated body, gradually 
tapering caudad and terminating in a conical 
posterior extremity. The cephalothorax is rounded 


anteriorly and presents long protractile leg-rudi- 
ments disposed in trapezoid formation, and tipped 
with strong geminate hooks and a small rounded 
mouth placed in a line with the posterior hooks. 
The hooks can be protruded considerably, as seen 
in figure 15. Leiper’s specimen measures 33 mm. in 
length and 1-3mm. in width and presents 127 
annulations: the Rhodesian specimen measures 
35mm. in length by 1-5 mm. in width, but shows only 
106 annulations. I am inclined to believe that the 
small linguatulid found by Prof. Leiper in the lung 
of Crocodilus niloticus is an immature form of 
Leiperia cincinnalis.’ 

Very numerous immature C. cincinnalis from the 
lungs of crocodiles are recorded but not described 
by Southwell (1924). 

Sambon also examined a specimen, unfortunately 
dried up, from Dr Shipley’s collection at Cambridge. 
This was from the cat-fish Silurus fasciatus and had 
‘characters very similar to those seen in the nymphal 
linguatulid from the nilotic crocodile. The descrip- 
tions and drawings of Pentastoma gracile given by 
Diesing, Leuckart and Parona also agree with the 
above. Therefore, taking into consideration all the 
information I have been able to collect, I believe 
that, under the name of Pentastoma gracile, we have 
a number of immature forms of tongue-worms 
belonging to different genera (Sebekia, Leiperia, etc.) 
of the Sebekini section of the Porocephalinae.’ 

Sambon’s figures of the specimen from the 
crocodile are almost identical with those given here 
except (a) for slight differences in the shapes of the 
mouth and of the posterior end of the body, (b) the 
presence of two pairs of papillae on the ventral 
surface on the two annuli immediately behind the 
mouth, and (c) the ventrolateral line extends 
forwards to the first annulus instead of stopping at 
the ninth. The resemblance is very much closer than 
that of the other examples of P. gracile reproduced 
by Sambon. 


RELATIONS TO HOST 


The definitive hosts of most linguatulids are reptiles. 
Of the five species known to occur in man, four (two 
each of Porocephalus and Armillifer) occur as adults 
in snakes. Their nymphs, either free or encysted, 
are sometimes found in the liver, mesenteries, etc., 
of man (Cannon, 1942), but I have found no record 
of their occurrence in the lumen of the gut. Infections 
are found usually only in members of very primitive 
populations and are attributed to the eating of 
snakes or snake fat. The fifth parasite, Linguatula 
serrata, occurs normally in the nasal cavities of dogs 
but can live in the larval or adult condition in 
various other animals. They have very occasionally 
been coughed or sneezed up by humans (Roy & 
Ganguly, 1940). 
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Of the various specimens of Pentastoma gracile 
referred to by Sambon, those of Diesing were found 
in various feptiles, birds and fish, those of Leuckart 
in the intestine and air-bladder of the fish Hydrocyon 
brevidens, and those of Parona in the South American 
fish Macrodon. 

Dr Horgan informs me that there is no record of 
any parasite of this kind at the Stack Medical 
Research Laboratories, Khartoum, and none re- 
sembling it have been found in any of the numerous 
Nile fish dissected at the Gordon Memorial College. 
The single recorded case of linguatulid infection of 
man in the Khartoum region is a typical one of 
Porocephalus armillatus nymphs in the liver and 
intestinal submucosa (Riding, 1926). 

The present specimen was found in a sanitary 
bucket that had been used by only one person, 
a European who had been resident in the Sudan for 
a little over a year. During that time this person 
had not associated with dogs or other animals, had 
not travelled or resided outside the larger towns, 
had used only water from municipal supplies and 
had lived under exclusively European conditions. 
There were no pathological symptoms that could 
be associated with such an infection. 

The following possibilities have to be considered : 

(a) That the nymph was ingested with food, pre- 
sumably under-cooked fish, and passed undigested 
through the intestine. This seems very unlikely in 
view of the dietetic habits of the person and the 


absence of any record of such parasites in the local 
food fish. 

(b) That the parasite developed from an ovum 
that had been swallowed with contaminated food 
(e.g. salads). The source of such contamination is 
quite obscure and it is unlikely that a parasite 
developing in this way would have been evacuated 
with the faeces. 

(c) That the sanitary bucket had been used 
surreptitiously by a servant. This too is very un- 
likely and even if correct does not make the 
occurrence much less remarkable, for while the 
indigenous population is admittedly much more 
exposed to infection of all kinds than the European 
residents, no such cases have been recorded among 
them. 

SUMMARY 


A linguatulid, very similar to. the nymphal 
‘Pentastoma gracile’ from crocodiles described by 
Sambon, was found in faecal material from a 
European resident in Khartoum. There is no 
evidence concerning the method of infection. 


I am indebted to Dr E. 8. Horgan, until recently 
Director of the Stack Medical Research Laboratories, 
for his reply to my inquiries concerning linguatulid 
infections in the Sudan; and to Prof. J. J. C. Butley, 
of the London School of Hygiene and Tropical 
Medicine, for his valuable assistance in obtaining 
relevant literature. 
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ON THE LONGEVITY OF FASTING TICKS, 
HYALOMMA SAVIGNYI GERV.* 


By B. FELDMAN-MUHSAM, Department of Parasitology, Hebrew University, Jerusalem 


(With 1 Figure in the Text) 


Knowledge on the longevity of fasting Ixodid ticks 
is obviously essential for planning an anti-piroplas- 
mosis campaign. This is particularly important in 
the case of Hyalomma, the genus involved in the 
transmission of Theileriasis in the Middle East. The 
data found in the literature are unfortunately often 
inadequate because of lack of specification of 
statistical methods and experimental conditions 
(temperature and humidity) (Nuttall 1913-14, 


preimaginal stages only and were subsequently 
observed as fasting imagines. 

During each experiment, ticks were kept under 
constant conditions of temperature and humidity. 
They were introduced into test-tubes closed with 
tulle, and the test-tubes were kept in larger ones 
containing solutions of different concentration of 
H,SO,. These solutions furnished the desired con- 
stant humidity (Buxton, 1931). Dead ticks were 
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Fig. 1. Some survivorship curves for starved imagines of Hyalomma savignyi. 


1914-15; Pospelova-Strom, 1932; Delpy & Gouchey, 
1937). 

The present investigation was carried out in order 
to collect data on longevity of fasting Hyalomma 
and to study resistance to various external condi- 
tions. Ticks used in the experiments were laboratory- 
bred H. savignyi (Alder & Feldman-Muhsam, 1948) 
aged 0-24 hr. They were fed on hedgehogs in the 


recorded daily, their sex also being noted, and from 
records, thus obtained, survivorship curves (see 
Fig. 1) were compiled. Differences in longevity for 
individuals of either sex were found to be within the 
limits of random fluctuations and for further 
analysis records from both sexes were therefore 
pooled together. 

All survivorship curves are S-shaped; but those 


* This work has been made possible by the Helen Marr Kirby Fellowship, granted by the International 


Association of University Women. 
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obtained from ticks kept at high temperature fall 
much steeper than those obtained from ticks kept 
at low temperatures (see Fig. 1). At 37°C. and 
10 % B.H. 15 days elapse from the death of one, 
quarter of the initial population to the death of 
three-quarters, while at 17-5° C. and 20 % R.H. the 
corresponding 50 % of the population dies during 
an interval of more than 100 days. 

The highest age which was recorded for a fasting 
tick in the present study is more than 731 days; at 
17-5° C. and 80-95 % R.H.; after this period experi- 
ments had to be discontinued, although a few ticks 
were still alive. No larva or nymph of H. savignyi 
was ever found to live more than 250 days under any 
experimental conditions (Feldman-Muhsam, 1947). 
The longest period of survival for all fasting stages 
was recorded at a low temperature and high 
humidity. 

The average longevity of imagines under the con- 
ditions (17-5° C., 80-95 % r.H.) which enabled a few 


234 (sic) days; at the same relative humidity and 
37° C., the mean longevity is still 42-2 days with 
@ maximum of 87 days. 

Imagines are less sensitive to changes in relative 
humidity than larvae and nymphs. At 37° C. and 
80-95 % R.H., average longevity is 106 days and, at 
the same temperature and at a relative humidity 
of 10 %, it is still 42 days; thus, by the effect of 
dryness, longevity is reduced to less than one-half. 
At 30°C., the average longevity is shortened by 
dryness to somewhat more than half its value at 
high humidity, viz., for the same range of humidity, 
from 145 to 79 days, and, at 17-5° C., for a change of 
humidity from 80-95 to 20 % R.H., mean longevity 
is reduced by one-fourth, viz. from 335 to 260 days. 
The comparison of the effect of dryness on the 
longevity of the different stages reveals that the 
resistance to dryness increases strikingly from 
larvae to nymphs and from nymphs to imagines. 
For larvae, at a temperature of 37° C., longevity 


Table 1. Longevity of fasting imagines of Hyalomma savignyi (in days) 


Temperature (° C.) 





R.H. (%) 37 30 17-5 
Mean + probable error 95 106 + 5-2 —_ Over 335 
Maximum 132 “= 
Mean + probable error 80 103-6 + 3-7 145-5+ 3-5 
Maximum 179 344 Over 731 
Mean + probable error 50 62-6+2-1 77+11-9 288 + 27-6 
Maximum 99 174 491 
Mean + probable error 20 — a 260 + 15-2 
Maximum — — 416 
Mean + probable error 10 42-2+0°8 78-6+6°5 — 
Maximum 87 234 —_— 


specimens to stand starvation for more than 
2 years, was found to be over 335 days as compared 
with 148 and 163 days respectively for nymphs and 
larvae. Under less favourable conditions, longevity 
of ticks in all stages is considerably shorter, but in 
all ranges of temperature and humidity used in the 
laboratory, the average longevity of imagines is 
from two to thirty times longer than that of larvae 
and from two to seven times that of nymphs. 

As can be seen from Table 1, the mean longevity 
of ticks falls as temperature increases, and rises 
with relative humidity. Within the range of tem- 
perature and humidity covered by the experiments, 
longevity is more sensitive to changes in temperature 
than to those in relative humidity. The high 
resistance of unfed imagines to dryness is shown in 
the table. At a temperature of 30° C. and a relative 
humidity as low as 10 %—a degree of dryness, 
almost never realized in nature—the mean length 
of life is 78-6 days, with a maximum longevity of 


decreases from 12-5 to 1-25 days, i.e. ten times, as 
humidity decreases from 95 to 20 % R.H.; at a tem- 
perature of 30°C., the corresponding decrease of 
longevity ranges from 84 to 3-2 days, i.e. longevity 
is reduced to one-twenty-fifth, and at 17-5° C. from 
163 to 14 days, i.e. to about one-twelfth. With 
nymphs this ratio falls with temperature, i.e. at 
lower temperature the effect of dryness on longevity 
is more marked than at higher temperature: in fact, 
at higher temperature (37 or 30°C.) mean longevityis 
reduced by dryness from 28 to 6-8 and from 66 to 
12 days respectively, i.e. to about one-fifth, while, 
at 17-5° C., the corresponding reduction ranges from 
148 to 52 days, i.e. a decrease to about one-third. 


SUMMARY 


The survival of fasting imagines of Hyalomma 
savignyt under various conditions of temperature 
and relative humidity was studied. 
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Within the range of experimental conditions low 
temperature and high humidity are shown to be 
most favourable to the survival of ticks: at 17-5° C. 
and 80-95 % R.H. mean longevity approaches 1 year, 
and a few individuals were observed to survive for 
more than 2 years. Longevity shortens as tem- 
perature rises and relative humidity decreases. At 
a temperature of 37°C. (and under various con- 


ditions of humidity) average longevity does not 
exceed 1-5-3-5 months, while under conditions of 
extreme dryness, viz. 10-20 %R.H. (and various 
temperatures) average longevity ranges from 
1-5 to 9 months. 

The longevity of fasting imagines is not as much 
affected by dryness as that of preimaginal stages. 
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THE CAPITULUM AND FEEDING MECHANISM OF IXODES 
HEXAGONUS LEACH 


By D. R. ARTHUR 
From the Department of Zoology, King’s College, University of London 


(With 16 Figures in the Text) 
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1. INTRODUCTION 


The present paper is intended as a contribution 
towards a more complete understanding of the 
morphology of characteristic types of ixodid capitula 
and of the feeding mechanism of ticks. Access to 
living material of the hedgehog tick, Ixodes hexa- 
gonus Leach, afforded opportunity to make as com- 
plete a study as possible of its external and internal 
structure. Brief accounts of the external structure 
of various ixodid capitula are to be found in the 
works of Nuttall, Cooper & Smedley (1905), Nuttall, 
Cooper & Robinson (1908), Nordenskidld (1908, 
1909), Samson (1909), Nuttall, Warburton, Cooper 
& Robinson (1911), Patton & Cragg (1913), Ruser 
(1933) and Arthur (1946). A general summary of 
the available information is given by Snodgrass 
(1948). 

Anew light on the feeding mechanism of ticks was 
given by Sen (1934, 1935) in the argasid tick, Orni- 
thodoros papillipes Birula (=O. crossi Brumpt), 
where the presence of a ‘sucking style’ was observed 
and described. Such ‘stylets’ have also been 
observed in Amblyomma hebraeum, A. gemma, 
Rhipicephalus evertsi (Sen, 1935), Dermacentor 
andersoni Stiles (Douglas, 1943), Ornithodoros sp. 
(Bertram, 1939) and Ixodes ricinus L. (Arthur, 
1946). Sen (1935) and Douglas (1943) have main- 
tained that the ‘stylet’ is an open tube, the lumen of 
which is continuous with that of the pharynx, and 
the mouth of the latter is located at the apex of the 
‘stylet’. It has, however, been shown (Bertram, 
1939; Arthur, 1946) that the stylet is an imperforate 
process projecting above the mouth and normally 
lying over the gutter of the hypostome. The relation- 
ship of the so-called ‘stylet’ to the other capitular 
elements merits further investigation, and I have 
endeavoured to pursue the matter further in the 
present paper. 


2. MATERIALS AND METHODS 


The bulk of the tick material investigated was ob- 
tained from hedgehogs and weasels, and my grateful 
thanks are due to Mr M. D. Froud (Wye Agricultural 
College) and Mr W. Thomas of Tycroes, Ammanford, 
for forwarding me this material. Hedgehogs were 
generally obtained alive, and a similar technique to 
that employed by MacLeod (1932) was used for 
breeding ticks. Weasels and stoats were killed by 
trapping, placed in a muslin bag on removal from the 
trap, whence the various developmental stages of 
the tick were recovered and bred out. Any ticks 
remaining attached to the host after 24 hr. were 
removed by applying a tick irritant at the point of 
attachment of the tick to the host. For this purpose 
vaseline or salty lard was used, a method originally 
suggested by Ewing (1929). This application hada 
dual effect, it irritated the tick and softened the skin 
about the attached part of the ‘proboscis’. Through 
the kindness of Mr G. B. Thompson I was enabled to 
go through his material, and Mr E. B. Browning very 
kindly permitted me to examine the Nuttall collec- 
tion in the British Museum (Natural History). 

The anatomy of the capitulum was worked out 
from dissections of freshly killed adults, from caustic 
potash preparations of entire capitula, and from 
sections of the entire capitula and pharynx. For 
examination and dissection of the capitulum, ticks 
were killed by momentary immersion in boiling 
saline, decapitated in normal saline solution and 
washed with three changes of salt solution to remove 
adherent debris and blood. 

Dissection, from both dorsal and ventral surfaces, 
was done under the binocular microscope, using 
specially ground down micro-needles. The tough 
chitinous integument was chipped off along the 
lateral margins by means of sharpened blade-like 
needles, and the central portion removed from the 





UF pose 
iginally 
2 hada 
he skin 
‘hrough 
ubled to 
ng very 
| collec- 
7). 

<ed out 
caustic 
d from 
x. For 
n, ticks 
boiling 
on and 


remove 


urfaces, 
>, using 
> tough 
ong the 
ade-like 
rom the 





D. R. ARTHUR 67 


underlying tissue. Preparations of the capitula, 
cleared in caustic potash for the examination of 
chitinous parts, were either mounted in well slides 
or kept in clove oil, so that they might be seen from 
any angle. Serial sections, varying in thickness from 
4to 16 », were cut, and, in addition, heads were 
embedded and cut into 10-12 thick pieces. Most of 
the specimens used for sectioning were newly 
moulted females, so that the integument was rela- 
tively soft; but a number of fully hardened females 
and some male ticks were also sectioned to make sure 
there was no essential difference. 

Anumber of methods to render the integument less 
brittle was tried, including caustic potash and dia- 
phonal. It was, however, found that if left in these 
solutions sufficiently long to have an effect on the 
chitinous parts, the softer tissues began to disinte- 
grate. Infiltration with celloidin before embedding 
in paraffin wax (m.p. 55°C.) gave good results. 
Celloidin in absolute alcohol (1 part) and ether 
(3parts), in clove oil, and celloidinin methy] benzoate 
were also tried, but on the whole the most useful 
sections were obtained from heads immersed in a 1 % 
solution of celloidin in methyl] benzoate for about 
7 days and then embedded in paraffin wax. 

For fixation prior to section cutting I found hot 
Bouin’s alcoholic fixative very satisfactory. In 
addition, Carnoy’s glacial acetic acid-absolute 
alcohol-chloroform mixture also gave good results. 
Sections were stained with Mallory’s triple stain. 


3. EXTERNAL ANATOMY 


The capitulum of I. hexagonue is similar in its general 
appearance to that of J. ricinus, consisting of a 
median, ventral hypostome, flanked on each side by 
a four-segmented palp. A pair of long cylindrical 
shafts, the chelicerae, overlie the hypostome dorsally. 
Apically each chelicera bears a ‘cutting’ digit. As 
in other ixodid ticks the shafts can move backwards 
and forwards through the capitular foramen. In 
conjunction with the buccal apparatus the first and 
second pairs of appendages are modified to form the 
capitulum, and a homological comparison of these 
components with the mouthparts of other arachnids 
has been discussed by Jourdain (1901), Bonnett 
(1907) and more recently by Snodgrass (1948). When 
seen from the ventral aspect the outline of the capi- 
tulum is roughly trapezoid with greatest breadth 
anteriorly. Viewed Jaterally the capitulum is 
natrowest at its distal extremity, with its greatest 
posterior extension on the ventral surface. Thus it 
presents the form of a right-angled triangle, with the 
hypotenuse corresponding to the ventral face. Both 
upper and lower surfaces are slightly convex. The 
postero-lateral margin, on the ventral surface, is 
concealed by a slight fold of the ventral alloscutum. 
A thin articular membrane connects the capitulum 


to the rest of the opisthosoma dorsally. The base 
of the capitulum is open and communicates with 
the body cavity through a large foramen at the 
anterior end of the opisthosoma. 

The walls of the capitulum are made of brown, 
stout, resistant chitin, which is more strongly 
sclerotized and pigmented marginally and along the 
dorsal ridge. In the female (Fig. 1) this ridge is well 
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Fig. 1. Female capitulum of Ixodes hexagonus 
from dorsal aspect. 


developed with the cornua indistinct and in a number 
of specimens indeterminate. Females of J. cooket 
Packard, a closely related species, have short, 
distinct cornua, which are rounded apically and 
elevated over the nearly straight, salient, posterior 
edge. Porose areas (areae porosae) are present on the 
dorsal surface, and lie slightly anterior to the dorsal 
ridge. They are transversely arranged and are ‘pear- 
shaped ’, with the broader end internal (not as figured 
by Senevet, 1937), and depressed below the general 
capitular surface. The width of the interporose area 
is less than the maximum breadth of the porose area 
itself. The pores are rounded, closer together than 
in the male, and each has a smaller diameter in the 
female. In I. cookei females the porose areas are less 
ovate with the interporose width greater than in 
I. hexagonus. 

The ventral wall of the capitulum extends for- 
wards between the palps to form the spoon-shaped 
hypostome (Fig. 2a). The hypostome of the female 
is broad, its breadth related to length as 1: 2-3. 
Apically it is bluntly rounded, in contrast to the 
more pointed form of J. cookei, and the sides are 
gently curved in profile. The denticles (‘retrose teeth’ 
of Snodgrass, 1948) are arranged 3/3 for about a 
fifth of the length from the apex, then 2/2 to the base. 
Correspondingly the denticle arrangement of I. 
cooket is 3/3 for one-third the length, followed by 2/2 
to the base. Typically the hypostome of I. hexragonus 
bears forty-three teeth in contrast to seventy-two in 
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I. cookei. A far larger number of teeth in the medial The capitulum of the male (Fig. 3a, 6) is shorter 
files characterizes the latter. The lateral teeth are than that of the female, with a mean length and 
larger and pointed, the medians somewhat smaller breadth of 0-44 and 0-35 mm., respectively (see 
and rounded except the apical oneswhich arecusped. Table 1). The dorsal ridge is very strongly developed, 
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Fig. 2. Ixodes hexagonus. (a) Female hypostome. (b) Nymphal hypostome. 
(c) Larval hypostome. 


























Fig. 3. Ixodes hexagonus. (a) Male capitulum from dorsal aspect. (b) Male capitulum 
from ventral aspect. 


The hypostome of Ixodes females are normally with- and both it and the lateral margins are heavily 
out a well-defined corona, but the presence of sclerotized. The latter are straight, converging 
numerous fine denticles often suggests such an area. posteriorly, and the hind margin is straight and 
In I. hexagonus this so-called ‘corona’ is distinctly transverse. Cornua are absent and auriculae are 
smaller than in I. cookez. represented as slight lateral extensions. I have 
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observed two areas of punctuations on the male 
capitulum, in comparable areas to those found in the 
female. These porose areas are ill-defined, generally 
circular in outline, not depressed below the surface 
of the capitulum, and the pores are not contiguous 
as in the female. Each pore is about 0-01 mm. in 
diameter, and 12-18 are present in each group. The 
interval between the porose areas is approximately 
equivalent to their maximum diameter. According 
to Nuttall e¢ al. (1911) porose areas are present only 
on the female capitulum. Ross (1924) has, however, 
observed two areas of punctuations dorsally on the 
capitulum of males of I. holocyclus Neum., suggesting, 
as they do in I. hexagonus, the porose areas of the 
female. Such pores appear to be widely dispersed and 
small on the dorsal surface of I. cookei, both in the 
limited material at my disposal and in the figure 
given by Cooley & Kohls (1945). 
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Fig. 4. Ixodes hexagonus. Six specimens of male 
hypostome. 
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0-18 mm. 





The male hypostome (Fig. 4) is bluntly rounded 
distally, broad, and one and a half times as long as 
wide. The pointed lateral denticles protrude over the 
lateral edge, and the median ones appear as seven 
or eight rows of crenulations. Unlike J. canisuga 
J ohnston, the majority of crenulations nearly meet 
inmid-line. Apically they become isolated and in a 
number of specimens are pointed. 

Beyond brief reference to the nymphal and larval 
capitulum by Nuttall et al. (1911) verylittle data are 
available. The nymphal capitulum (Fig. 5) is slightly 
broader than long, the length-breadth ratio being 
0-87: 1-0. It is slightly convex, shining and faintly 
punctate. The cornua are bluntly rounded and far 
apart. Ventrally, the basis is broad with a distinct 
constriction, @ sinuous posterior margin, and the 
auriculae project as lateral extensions. The apex of 
the hypostome (Fig. 26) is flattened and the sides 
are gently curved. The lateral projecting teeth are 
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bluntly pointed and the medians rounded. Sub- 
apically are two rows of 3/3 files followed by 2/2 
arrangement of the base. The hypostomal length- 
breadth ratio is 1-75 : 1-0. 

Like that of the nymph, the capitulum of the larva 
is slightly broader than long (Fig. 6), the length and 
breadth ranges being 0-14—0-18 and 0-15—0-19 mm., 
respectively. The surfaces are slightly convex, less 
heavily chitinized and pigmented than in later 
phases, and faintly punctuate. The cornua are 
rounded and far apart. The width of the hypostome 
is equal to half its length, the apex flattened (Fig. 2c) 
and provided with eight files of denticles arranged 
3/3 for three subapical rows, then 2/2 to the base. 
The lateral teeth are curved and bluntly rounded; 
the medians flattened apically. 

The second pair of appendages, the palps, are 
borne on the antero-lateral angles of the capitulum, 
one on either side of the median hypostome. Each 
consists essentially of a semi-cylindrical appendage 
comprised of four segments (Figs. 7, 8). In argasid 
ticks these segments are approximately of equal 
length, but in the genus Ixodes, with the exception of 
I. trianguliceps Birula (=I. tenuirostris Neum.), the 
first is considerably smaller than the second or 
third, while the fourth is reduced to a small hair- 
crowned papilla lying in a membranous cup-like 
hollow of the mesial surface of segment 3. The first 
segment is not concave on its inner surface. In 
argasid ticks, too, the four segments are freely 
mobile, while in ixodids the palp is only freely 
articulated at its point of origin with the basis 
capituli. Unlike those of argasid ticks the basal 
segment is not the largest in diameter, and in J. 
hexagonus its length is about equal to halfits breadth. 
The free distal edge of segment 1 surrounds the 
proximal portion of the second like a collar. In 
I. (Endopalpiger) tasmani victoriae Schulze, the basal 
segments of the palps are produced into large lobes 
embracing the rostrum. Schulze (1935) regards these 
as the trochanters of the pedipalps, which in other 
species, and in males of the same species, are supposed 
to be incorporated in the capitulum, the long third 
segment being interpreted as combined second and 
third segments. A smaller lobe arising from the base 
of the pedipalp in I. auritulus Neum. is regarded by 
Schulze as pertaining to a secondarily separated 
proximal ring of the first segment. 

The internal faces of the second and third seg- 
ments are concave, so that in a state of adduction, 
during the non-feeding period, the palps partially 
ensheath the lateral surfaces of the median structures, 
i.e. the chelicerae dorsally and the hypostome 
ventrally. The concavity is more marked on the 
dorsal surface of the palp, so that the overlap is 
greater on this surface. Females of I. hexagonus 
have short, broad palps, with the lateral profiles of 
segments 2 and 3 straight. Segment 2 is about 
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0-39 mm. long, attaining its greatest width of 
0-24mm. apically. Segment 3 is 0-25 mm. long with 
its maximum width at the base, where it adjoins 
the second segment. Apically the former narrows to 
the apex, which is bluntly rounded. The width of the 
mesial cavity is greatest about midway along the 
palp, tapering to its apex. Towards the base of 
segment 2 this width decreases rapidly. As seen in 
Fig. 8 the setae are concentrated along the margins 
of the mesial concavity of the palp. Presumably 





Fig. 5. Ixodes hexagonus. 
Fig. 6. Ixodes hexagonus. 
Fig. 7. Ixodes hexagonus. 
Fig. 8. Ixodes hexagonus. 


sucha device serves toexclude theentrance of foreign 
matter into the suctorial channel during the non- 
feeding period. 

The nymphal palps are broad, the width at the 
suture between segments 2 and 3 being 0-12 mm., 
while the combined lengths of these two segments is 
0-26 mm. The surface is irregular and shiny. Unlike 
I. holocyclus (Ross, 1924) in I. hexagonus a suture is 
apparent between segments 2 and 3. This suture is 
absent in the larval palp, and here the combined 
length of segments 2 and 3is 0-13 mm. The maximum 


width, which is slightly less than half the length, 
occurs midway along the palp. 

Structurally, the first pair of appendages, or 
chelicerae (Fig. 9), consist of a pair of long shafts 
running through the capitulum dorsally. They 
emerge anteriorly through the capitular foramen 
and posteriorly through the occipital foramen. Each 
is enclosed within inner and outer sheaths which are 
invaginations of the body cuticle. Distally they bear 
denticulate digits, moved by a pair of antagonistic 








Nymphal capitulum from dorsal aspect. 
Larval capitulum from dorsal aspect. 

Palp of a female viewed from the side. 

Palp of a female viewed from mesial aspect. 


muscles arising in the shaft. The distal digit there- 
fore represents the movable finger of a typical 
chelicera. Proximally the chelicera is expanded to 
form a bulbous base, lying partly within the cavity 
of the capitulum and projecting into the body cavity. 
When retracted the bases of the chelicerae are in 
line with the third pair of coxae, but when protruded 
they are in line with the second pair of coxae. 
Protrusion under normal conditions is effected by 
the contraction of the dorso-ventral somatic muscles, 
the resulting pressure within the body cavity forcing 
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the chelicerae out through their sheaths. On the 
bases of the chelicera the usual muscles are inserted 
which here function as retractors. These muscles 
pass postero-dorsally and are attached to the ventral 
surface of the posterior margin of the scutum. Move- 











0-31 mm. 








Fig. 9. Ixodes hexagonus. Chelicerae of (a) female, (b) 
male, (c) nymph and (d) larva. All drawn to same 
scale. 


ment in a horizontal plane is prevented by the close 
apposition of their basal portions and of internal 
guiding channels to be described later. 

The cavity of the expanded proximal portion of 
the shaft is completely filled by the antagonistic 
flexor and extensor muscles which operate the digit. 
The tendons of these muscles pass forwards through 


the narrow distal portion of the shaft to their points 
of insertion on the internal article. Examination of 
the distal portion of the shaft shows that its surface 
is distinctly reticulate, whilst towards the base it is 
transversely ridged and bears a superficial resem- 
blance to the chitinous intima of tracheal tubes. 

Increase in length of the chelicera (including 
digit) from larva to nymph, to male and to female, is 
in the following ratio: 1:1-7:2-4 (male): 4-0 
(female), while correspondingly the increases in 
breadth of shaft and of bulbous base are as 1: 1-4: 
3:5and 1: 1-4: 2-6: 1-48 respectively. 

The digit conforms to the chelate type found in the 
arachnids, but, in accordance with the mode of life 
of the tick, the usual pincer-like organ has been 
modified to form a cutting surface. A rigid pro- 
longation of triangular pattern from the base of the 
segment terminates in outwardly directed teeth. It 
is attached by its expanded base to the extremity of 
the cheliceral shaft which forms a broad articulatory 
surface on which the entire digit can move in a meso- 
lateral plane. This is the internal article, which, in 
the female of I. hexagonus, ends in one major and one 
minor serration (Fig. 10a); the male has two large 
teeth, the outermost being some distance from the 
apex (Fig. 106); the nymph displays the same 
configuration as the female (Fig. 10c); and the larval 
article is devoid of the minor apical serration 
(Fig. 10d). 

On the outer side of the internal article, and 
flexibly attached to it, is the movable external article. 
In the female, male and nymph this is provided with 
five teeth of increasing size from distal to proximal 
border. The two anterior teeth are considerably 
smaller than the remainder. The fifth tooth (i.e. the 
most anterior) is absent in the larva, while the third 
and fourth arise very close together. 

The dorsal process is bifid in the female, nymph 
and larva, but absent in the male. This is actually 
a part of the internal article, which does not articu- 
late with it. In all stages the end of the cheliceral 
shaft is produced into a reticulate sculptured, hood- 
like protective lobe on the mesial side of the digit. 
The length of the digit is greatest in the female, being 
175 » as compared with 135 » in the male, 90 » in the 
nymph and 35 p in the larva. 


4. INTERNAL ANATOMY 


The capitulum is divisible into (i) an extra basis or 
pre-oral region including the hypostome, the distal 
ends of the chelicerae and the palps (Figs. 11 a-e, 13), 
and (ii) the basis capituli, where morphological 
union of these parts has occurred (Figs. 11f-h, 
12a-h). 

During the non-feeding period the distal ends 
of the chelicerae, hypostome and palps by their 
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apposition form a closed channel (Fig. lla-e). At 
their apices the palps are flanged ventrally and the 
chelicerae, with their sheaths, ventro-laterally. The 
chelicerae, which abut on one another dorsally, 
together with the concave upper surface of the 
hypostome, form the distal part of the combined 
suctorial and salivary channels. As the palps splay 
outwards during feeding they do not contribute to 
the suctorial channel and presumably serve to 
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divided by the anterior membranous prolongation 
of the labrum into dorsal and ventral channels. The 
roof of the former is formed by the cheliceral sheaths, 
while the labral projection forms the floor. The lab. 
rum forms the roof of the ventral channel, its floor 
being the backward continuation of the hypostomal 
groove. The membranous portion of the labrum is 
fused with the lateral walls of the hypostome (Fig, 
llc,d). Beneath the labrum the contour of the food 


(b) 








Fig. 10. Ixodes hexagonus. Digit of (a) female, (b) male, (c) nymph and (d) larva. 
All drawn to same scale. 


occlude foreign matter when the tick is not feeding. 
The flanges of both palps and chelicerae disappear 
towards the basis, but the modified contour of the 
chelicerae and the increased dorso-lateral extensions 
of the hypostome maintain the groove of the conduit. 

The extra-basis region is divisible into threeregions 
(Fig.13). The distal half, roofed over by the outer cheli- 
ceral sheaths, forms one broad, shallow channel— 
ghe hypostomal groove. The proximal portion is 


channel enables this proximal part to be further 
subdivided into (a) an anterior, where the groove is 
shallow and relatively wide—the labro-hypostomal 
groove—and (6) the posterior with a deeper, 
narrower conduit—the labro-hypostomal gutter 
(Figs. 1lg, h, 12a). These two regions merge imper- 
ceptibly into one another. The dorsal channel leads 
back into the salivary receptacle and is the salivary 
channel, whilst the labro-hypostomal groove and 
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gutter lead to the pharynx. Thus the hypostomal 
groove is the floor of the pre-oral cavity, and the 
labro-hypostomal region the pre-oral food canal. 
In the pre-oral cavity blood and saliva mix and the 
presence of an anti-coagulant in the latter enables the 
blood to be sucked into the pharynx. Where the 
extra-basis and basis regions merge the ventral 
surface of the latter is much thickened (Fig. 1le). 
Its lateral margins, into which the mesial surfaces 
of the pedipalps fit, are concave, but at this level 
morphological union is not effected. The outer 






salivary channel. Below this and forming the floor 
of the latter is a transverse sclerotized ridge, which 
first becomes evident when the outer cheliceral 
sheaths approach one another in the mid-dorsal line. 
At the level of, and immediately above, the V- 
shaped pharyngeal orifice (Fig. 12a), this ridge is 
thickened to form a sclerotized wedge, which fits 
into the pharyngeal opening as well as contributing 
to its roof. The pharynx lies in the subcheliceral 
cavity, which farther back is not sharply delineated 
from the cheliceral cavity; and, running dorso- 
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Fig. 11. Ixodes hexagonus. Sections through the capitulum anterior to the pharyngeal orifice. 
For explanation see text. 


cheliceral sheaths lie close together in the mid-dorsal 
line, and whilst their lateral walls fuse with the 
enlarged pedipalpal coxae their mesial walls retain 
theiridentity. Before reaching the pharyngeal orifice 
the median and ventral faces of the outer cheliceral 
sheaths unite, thus forming a composite plate on 
which the chelicerae and inner sheath rest (Fig. 
11f-h). Dorsally complete fusion with the tectum is 
established. The ventral wall of the outer cheliceral 
sheath fuses with the thickened lateral walls of the 
basis separating the cheliceral cavity from the 


laterally through this lower chamber and converging 
anteriorly, are thesalivary ducts. At the orifice of the 
pharynx the subpharyngeal cavity is crossed by two 
pairs of muscles inserted on the sides of the pharynx 
and attached to the ventro-lateral walls of the basis 
capituli. Thus it would seem that the opening of the 
pharynx is brought about by contraction of these 
muscles, and that the wedge is static, being supported 
by the sclerotized attachments to the lateral walls 
of the basis. 

At about 40 » farther back the wedge becomes less 
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Fig. 12. Ixodes hexagonus. Sections through the capitulum posterior to the 
pharyngeal orifice. For explanation see text. 


deep (Fig. 126), but of greater width, and this marks 
the posterior limit of the labrum. The capitula of 
I. hexagonus, I.cookei, I. howelli, I. baergi, I. ricinus, I. 
canisuga and I. trianguliceps were treated with warm 
caustic potash solution (5 %) and dissected from the 
dorsal surface. The chelicerae were removed and the 
endoskeleton dissected out. This reveals the ‘wedge’ 
as the stem of a Y-shaped bar, to which is attached 
the lamella previously noted (Fig. 15). Lying within 


the arms of the bar is a less heavily sclerotized, 
crescentic shield. This supporting mid-rib is very 
similar to the labrum, paralabra and epipharynx 
of Liponyssus bacoti fused together (Hughes, 1949), 
and suggests that these structures are homologous 
in the ticks and Mesostigmata. 

At this level (Fig. 126) the triradiate arrangement 
of the pharyngeal lumen is seen, and three pairs of 
muscles traverse the subpharyngeal cavity, one pail 
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Fig. 13. Ixodes hexagonus. Sagittal half of the female capitulum, reconstructed. 
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Fig. 14. Capitulum dissected from dorsal surface to show endoskeleton of 
(a) I. hexagonus, (b) I. cookei. 


being attached to the dorsal arms of the pharynx, 
the remaining two pairs retaining their anterior 
position. These muscles are short and practically 
vertical in direction, except for those of the most 
ventro-lateral pair which are slightly oblique. The 
succeeding muscles, the large dilators originating 


on the ventral surface of the subcheliceral plate, pass 
back at a more oblique angle, as also do corresponding 
muscles arising from the inner surface of the floor of 
the basis capituli, a condition which is paralleled in 
Ornithodoros moubata (Bertram, 1939). Ruser (1933, 
Fig. 30d), in Ixodes ricinus, shows this wedge-shaped, 
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‘V-formiges Dach des ersten Pharynxabschnittes’, 
attached by muscle bands to the floor of the salivary 
channel, ‘Speichelhéhlenbasis’, a condition which 
I have not seen in J. ricinus, I. hexagonus or I. 
canisuga. The mesial walls of the pedipalpal coxae 
stand up inside the basis capituli, and whilst morpho- 
logical union has been established the cavity of the 
basis and of the palp remain distinct. The next 
section, 20 1 more posteriorly (Fig. 12c), shows the 
intercoxal bridge arising dorsally from the pedipalp. 





Fig. 15. Ixodes hexagonus. Pharynx dissected out to 
show ‘stylet’, labral membrane, and lobe, Y-shaped 
bar, chitinous shield, pharyngeal teeth and dilator 
muscles of pharynx. 


This bifurcates in the mid-line to fuse with an upper 
subcheliceral plate (= thickened posterior prolonga- 
tion of the ventral wall of the outer cheliceral sheath) 
and a lower plate, the epistome, which is presumably 
homologous with thetergite of the pedipalpal segment 
and the clypeus of insects. Between the two plates 
is the salivary channel. The pharynx dips into the 
ventral cavity (previously referred to as the sub- 


cheliceral cavity) and is supported by two pairs of 


dilator muscles, which have their origin on the epis- 
tome and are inserted on the dorsal arms. In the angle 
formed by the arms and the stem of the pharynx a 
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pair of broad ventro-lateral muscles is attached. 
Succeeding sections show that the dorsal dilator 
muscles increase to three pairs. Behind andsupported 
by the intercoxal bridge is a convex plate, beneath 
and lateral to the chelicerae, whilst the epistome is 
continued backwards to the entrance of the salivary 
duct (Fig. 12f), where it becomes invaginated. The 
porose areas cease here and, arising from the lateral 
wall of the lower arm of the pharynx and attached to 
the sides of the basis, are a pair of lateral muscles, 
From the apical prongs of this arm two ventro- 
lateral muscle bands arise. 


5. THE PHARYNX 


Previous accounts of the pharynx of I. ricinus are 
given by Samson (1909) and Arthur (1946), but 
certain observations in the present work merit 
comment. 

The greater part of the organ is contained within 
the basis capituli, but its posterior end protrudes 
for a short distance through the occipital foramen 
into the body cavity. Anteriorly it opens by an 
orifice beneath the lobe of the labrum into the labro- 
hypostomal gutter. The walls are composed of a 
hypodermal layer and a stout chitinous layer, here 
specially developed and common to the whole course 
of the foregut. In form it is sac-like, tapering to 
both extremities. Surrounding it is a layer of muscle 
fibres which bring about contraction. Dilator 
muscles arise dorsally on the thickened lateral 
margins of the subcheliceral plate, and ventro- 
laterally similar muscles arise from the lower walls 
of the capitulum. These muscles, in addition to 
effecting changes in the form of the pharynx, also 
serve to suspend it in the capitular cavity. The only 
chitinous supports are at its anterior end. These 
take the form of two lateral struts on each side 
which extend from the pharynx to the wall of the 
capitulum (Fig. 11d). 

Subsequent to treatment with caustic potash, an 
examination of the entire pharynx under an oil- 
immersion lens reveals the presence of chitinous 
teeth at its anterior end. Their position when seen in 
dorsal view is shown in Fig. 14. Sections (Fig. 16) 
indicate that the triradiate appearance of the 
lumen does not characterize it along its length. 
At the distal end the orifice is V-shaped, and slightly 
farther back there is an outpushing from the floor to 
form the median ventral diverticulum of the pharynx. 
The pronged appearance at the apex of the ventral 
arm appears before those of the lateral arms. The 
opening itself is provided with small denticles around 
its periphery, and these are continued back to about 
a fifth of the length of the pharynx. The denticles, of 
teeth, are larger where the three arms approach one 
another in the mid-line. Posteriorly the teeth los 
their pointed apices, and assume the form of rounded 
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Fig. 16. Ixodes heragonus. Sections taken at different levels through the pharynx. 
The levels are indicated in Fig. 15. 


protuberances before passing into the smooth 
hitinous intima. Associated with these changes is 
the increase in length of the arms of the apical 
prongs. The toothed condition has also been observed 
during the course of this investigation in J. ricinus, 
I. cookei, I. wellingtoni, I. baergi and I. pacificus. 


I have observed that in I. hexagonus t hereare two 
series of pharyngeal muscles: (a) the large dilator 
muscles originating on the floor of the subcheliceral 
plate, and passing back obliquely, and (6) a number 
of shorter muscles (four bands) running from the floor 
of the salivary chamber to the anterior dorsal wall 
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of the pharynx. From the anterior ventral wall of 
the pharynx muscles run to the ventral wall of the 
basis capituli. Most of the short muscles are practi- 
cally vertical in direction, but two strands run 
obliquely backwards to a more posterior attachment 
on the pharynx wall. In general, this condition re- 
sembles that of Ornithodoros moubata (Bertram,1939). 

Dilation of the pharynx results from the con- 
traction of the dilator muscles. Alternating in 
distribution with the latter are muscles crossing 
between the apices of the pharyngeal folds, forming 
bands around the pharynx. Dilation of the pharynx 
creates a negative pressure whereby blood is sucked 
from the wound into the pharynx. A valve re- 
ferred to by Robinson & Davidson (1913) and by 
Christophers (1906) as the ‘proventricular fold’ 
prevents the contents of the gut diverticula from 
being sucked towards the pharynx when it is dilating. 


6. FEEDING MECHANISM 


The hypostome-cheliceral complex is forced into the 
animal tissue through the original incisions made by 
the denticulate apices of the chelicerae. At first the 
chelicerae are completely protruded by the con- 
traction of the somatic dorso-ventral muscles. This 
brings the digit into contact with the animal body. 
The initial incision is made by the internal article 
of the digit working in a medio-lateral plane. By 
moving the body forwards and by inserting the large 
tooth of the external article into the initial incision 
the latter is enlarged by movement of the digit in a 
medio-lateral plane. This results in a transverse 
incision through the superficial tissue. By further 
forward movement and by an upward movement of 
the hypostome the latter is inserted into the wound. 
When the blunt end of the hypostome has been 
admitted it is forced into the tissue, and presumably 
is aided in this respect by the continued cutting 
movement of the digit within the tissue. Invariably 
the hypostome lies completely embedded within the 
skin. At the same time the palps spread out laterally 
on contact with the host tissue and eventually splay 
out and lie closely apposed to the skin. 

The development of the hypostomal teeth and the 
size of the chelicerae appear to be directly related to 
the time of feeding. Thus, in ixodid ticks the hypo- 
stomal teeth and the chelicerae are moderately well 
developed, and this implies that fixation to the host 
is not unduly rapid, but when once completed the 
tick can remain attached for some days. On the 
other hand in the argasid genus, Antricola (Cooley & 
Kohls, 1944), the teeth are small, while the cheli- 
cerae are large and effective cutting agents. The large 
chelicerae allow a rapid entry, while the hypostomal 
teeth do not permit attachment for long feeding 
periods and consequently rapid feeding takes place. 
In males of I. hexagonus the internal article of the 
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digit has a stronger armature than in the female, 
This might allow for rapid penetration of the host 
tissue. Nevertheless, the reduction of the hypostoma] 
teeth to crenulations would not permit the animal to 
feed for long periods. This means that, if feeding does 
occur in males, it must be of short duration, but it 
could be indulged in frequently. Observations on 
Dermacentor, Amblyomma and Boophilus show that 
the skin of the hosts grows out around the rostrum 
of the tick, producing asleeve-like papilla. Instances 
are also recorded where the skin grows rapidly and 
completely covers the tick. Thus Nuttall (1914) has 
observed a nymph of Ixodes hexagonus under the 
skin of a fox, while I (Arthur, 1947) have found a 
cyst on a man’s chest, which when opened contained 
a partially gorged adult female of I. hexagonus. This 
encystment of the tick is presumably due to in- 
creasing oedema and inflammatory swelling of the 
host’s skin, the surface of which rises above the 
subjacent tissue in which the hypostome is buried. 
The long hypostome in Ixodes appears to be a neces- 
sary factor in this process, for no records of Ixodidae 
with short hypostomes penetrating beneath the skin 
are available. 

When the hypostome and chelicerae are in position 
and the external openings of the pharynx and 








salivary chamber open into the animal tissue, the | 
saliva is forced down the dorsal channel from the | 
salivary glands. The flow of saliva from the sali- ’ 


varium, according to Bertram (1939), is controlled 
by labral movements. The lumen of this organ in 
Ornithodoros is part of a closed system, presumably 
filled with fluid, the posterior end of which extends 
into the pharynx against the anterior part of the 
dorsal wall of the latter, and hence reacts to changes 
of pressure within the pharynx. Decreased pressure 
of the expanding pharynx contracts the labral 
chamber and deflates the labrum; conversely, con- 
traction of the pharynx dilates the labrum. This 
alternate expansion and contraction of the labrum is 
supposed to exert a sucking action on the saliva 
entering the salivary chamber from the salivary 
ducts. A similar labral chamber has not been observed 


in the genus Ixodes. The form and position of the | 
salivarium have been described elsewhere. The walls | 


of the ducts possess a chitinous lining continuous with 
the cuticle of the salivary receptacle, and this lining 
is in the form of a spiral thickening. The outer wall 
consists of a layer of epithelium, whose cellular 
nature is seen by the presence of a large number of 
ovate nuclei embedded in granular protoplasm. The 
boundaries of individual cells are poorly defined. The 
main ducts become free of the glands as they pass 
through the occipital foramen. In the basis capituli 


they converge as they run forwards to enter the | 








salivarium at its postero-lateral margins. As far | 


as I have been able to determine there is no trace of 
a valve to prevent a backward flow of saliva. 
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The blood is drawn up the food conduit by the 
action of the sucking pharynx. At the anterior end 
the salivary channel and food canal form a common 
tube, for about one-third the length of the hypo- 
stome. Proximally the labral membrane and 
associated ‘stylet’ process separate the two channels. 
In the dilated phase of the pharynx blood is sucked 
along the lower channel to the mouth. In Derma- 
centor variabilis (Snodgrass, 1948) and D. andersoni 
(Douglas, 1943), two wing-like plates diverge 
laterally and posteriorly from the anterior end of 
the pharynx at the base of the labrum. These are 
absent in Ixodes species which I have examined. 
These plates in Dermacentor andersoni provide 


ARTHUR 79 


down, or (b) they may be a supplementary valvular 
apparatus. Much will depend on the action of the 
pharynx during ingestion. It issuggested tentatively 
that contraction of the salivary chamber-pharyngeal 
series of muscles enlarges the cavity in the anterior 
part of the sucking pharynx so that food is drawn 
up the suctorial canal into it. When these muscles 
relax the anterior part collapses and the subcheli- 
ceral plate-pharyngeal series of dilator muscles 
contract, drawing the food into the posterior part 
of the sucking pump. The relaxation of the second 
series of muscles closes the posterior part of the 
sucking pump and forces the food into the oeso- 
phagus. If this is the mode of action of the tick 


Table 1 
Structure Larva Nymph Female Male 
Capitulum L. 0-154 mm. 0-292 mm. 0-78 mm. 0-44 mm. 
S.E.+ 0-004 0-005 0-023 0-009 
B. 0-160 mm. 0-315 mm. 0-618 mm. 0-353 mm. 
8.E.+ 0-006 0-001 0-002 0-004 
Hypostome L. * 0-102 mm. 0-197 mm. 0-434 mm. 0-224 mm. 
S.E.+ 0-007 . 0-002 0-005 0-035 
B. 0-051 mm. 0-113 mm. 0-209 mm. 0-142 mm. 
S.E.+ 0-004 0-001 0-008 0-0024 
Chelicera  L. 0-305 mm. 0-523 mm. 1-375 mm. 0-781 mm. 
8.E.+ 0-008 0-009 0-003 0-002 
B (8) 0-015 mm 0-036 mm. 0-083 mm. 0-058 mm. 
S.E.+ 0-003 0-002 0-005 0-008 
B (B) 0-031 mm 0-048 mm. 0-148 mm. 0-086 mm. 
S.E.+ 0-012 0-012 0-009 0-008 
Digit L. 35 90u 170 1354 
Palp II L. _ 0-132 mm. 0-387 mm. — 
8.E.+ _— 0-002 0-007 _ 
‘> _ 0-115 mm. 0-244 mm. — 
8.E.+ — 0-01 0-003 —_ 
Palp III iL. — 0-130 mm. 0-253 mm. = 
8.E.+ _— 0-002 0-003 — 
B. _ 0-115 mm. 0-212 mm. — 
8.E.+ _ 0-002 0-002 — 
Palp II L. 0-129 mm. — —_ — 
and III 8.E.+ 0-002 — = _— 
B. 0-056 mm. —_ — _ 
8.E.+ 0-003 — = _ 


attachment on their concave dorsal surfaces for 
muscles inserted medially in the base of the labrum. 
Here the lower surface of the labrum is produced into 
a tooth-like process that fits into a groove of the 
lower wall of the entrance to the pharynx. A similar 
V-shaped plate forming the ‘roof’ of the anterior 
part of the pharynx is present in Ixodes ricinus and 
I. hexagonus, and its relation to the pharyngeal 
grooves is the same as in Dermacentor. Presumably 
it functions as a valve to prevent regurgitation from 
the pharynx during the contractile phase of thelatter. 

The presence of teeth within the pharynx suggests 
one of two functions: (a) they may serve as a 
mechanism whereby blood corpuscles are broken 


pharynx, then the teeth may function as grinding 
organs. Such a mechanism occurs in the Cotton 
Stainer Bug, Dysdercus intermedius Dist., where the 
dilator muscles of the sucking pump are attached 
along the mid-dorsal line of the epipharynx in two 
series (MacGill, 1947). 

Alternatively, by creating a negative pressure, 
within the pharynx, a continuous flow of blood from 
host tissue to the organ will result. The reflux of blood 
anteriorly will be prevented by the downward move- 
ment of the V-shaped plate and the interlocking of 
the teeth. Under these circumstances the breakdown 
of ingested corpuscles would be localized in the 
anterior part of the pharynx. 
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In the light of these facts I am led to suggest 
tentatively that the teeth, in view of their location 
and distribution, do partake of the function of grind- 
ing organs, and the pharyngeal mechanism may be 
something analogous to that described by MacGill 
for D. intermedius. 

“A dead stoat, to which a living female of I. 
hexagonus was attached, was sent me by Mr M. D. 
Froud. The posterior part of the parasite was cut off 
to prevent withdrawal of the rostrum before it was 
placed in Bouin’s alcoholic fixative. The tissue at 
the place of attachment was excised. The tissue was 
embedded in paraffin wax, and serial sections were 
cut and stained in haematoxylin-eosin. Macro- 
scopically the skin showed reddening at the point 
where the tick was attached. The hypostome- 
cheliceral complex penetrated the corium, and around 
it the tissue showed a homogeneous eosinophilic 
zone. This mass also penetrated a short distance 
under the epidermis. Similar masses were found in 
a number of small blood vessels. The eosinophilic 
tissue probably represents a combination of tick 
secretion and destroyed tissue. Immediately below 
the rostrum there was a perivascular infiltration 
with polymorphonuclear leucocytes. Small haemor- 
rhages were also apparent under the epidermis 
between the fibres of the corium. 


SUMMARY 


1. The external structure of the capitulum of 
Ixodes hexagonus is described in detail, and the 
differences between it and the closely allied J. cookei 
are noted. 

2. The capitulum is divisible into two portions, 
an extra-basis and basis regions. The former is 
divided into the hypostomal groove, the labro- 
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hypostomal groove and the labro-hypostomal gutter, 
Internally the basis is divided into dorsal and ventral 
chambers by the subcheliceral plate. The dorsal 
chamber houses the chelicerae while the pharynx 
and the salivary ducts occupy the ventral portion. 

3. The so-called ‘stylet-like process’ is the 
anterior prolongation from the basal lobe of the 
labrum, and forms the mid-rib of a lamella which 
divides the hypostome into a dorsal salivary channel 
and a ventral food conduit. 

4. There are rows of teeth on the internal faces 
of the anterior fifth of the pharynx. Two series of 
pharyngeal muscles are present: (i) those having a 
dorsal attachment to the floor of the salivary 
chamber, and (ii) those having similar attachments 
to the subcheliceral plates. 

5. During feeding the first incision is made by 
the denticulate apices of the digits and into it the 
hypostome is then forced. Further cutting by the 
digits enables the hypostome to penetrate to its 
base. At the same time the palps splay out. The 
blood is then drawn up the food conduit by the action 
of the sucking pharynx. The lower surface of the 
labrum is produced into a tooth-like projection that 
fits into a groove of the lower wall of the pharynx. 
Presumably it functions as a valve to prevent 
regurgitation of blood. The pharyngeal teeth may 


function as a supplementary valvular apparatus or | 


else serve for the breakdown of erythrocytes. 
6. The tissue reaction of a stoat’s skin to penetra- 
tion by the capitulum of I. hexagonus is described. 


The writer wishes to acknowledge his indebtedness 
to Prof. D. L. Mackinnon, in whose department the 
work was done, and to Dr P. Tate, Molteno Institute, 
Cambridge, for reading the script and for his many 
helpful suggestions. 


Abbreviations used in the figures 


B. intercoxal bridge. 

B.C. basis capituli. 

B.Ch. base of chelicera. 

C. crenulations of male hypostome. 
C.c. cheliceral cavity. 


C.M. contractor muscles of pharynx. 
C.m. cheliceral muscle. 

Co. cornua. 

CP. collar of first palpal segment. 
C.Pl. crescentric plate. 

CS. cheliceral shaft. 

C.Sh. inner cheliceral sheath. 

C.W. capitular wall. 

Di. digit. 

D.M. dorsal dilator muscles of pharynx. 
DP. dorsal process. 

D.r. dorsal ridge. 

d.p. pharyngeal teeth. 


E.a. external article of digit. 

Ep. epistome. 

a. hood of digit. 

hg. hypostomal groove. 

Hyp. hypostome. 

I.a. internal article of digit. 

4.0. chitinous intima of foregut. 

L. labrum. 

l.a. lateral arms of pharynx. 

l.a.p. prongs of lateral arms. 

L.d.h. lateral denticles of hypostome. 
L.hg. labro-hypostomal groove. 

l.h.G. labro-hypostomal gutter. 

L.M. _labral membrane. 

L.m. lateral dilator muscles of pharynx. 
M.d.h. median denticles of hypostome. 
M.L. membranous lamella (=anterior part of 


labrum). 
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0.C.Sh. outer cheliceral sheath. 


Sp.C. subcheliceral cavity. 


P. palp. 8.r. ‘stylet’ of labrum. 
P.i-iv. palpal segments I-IV. T. dorsal wall of capitulum (= tectum). 
Pa. porose area. TS. thick lateral portion of subcheiiceral plate. 
P.C. concavity of palp. t.s. thin mesial portion of subcheliceral plate. 
Pe. inner aperture of palp. ¥. ventral wall of capitulum. 
Ph. pharynx. v.a. ventral arm of pharynx. 
Ph.a. pharyngeal arm. V.a.p. apical prongs of ventral arm. 
Phil. lumen of pharynx. V.L.m.  ventro-lateral dilator muscles of pharynx. 
Pm. palpal muscle. W. wedge of labrum fitting into V-shaped pharyn- 
Pw. ventral projection from palp. geal orifice. 
Sc. salivary channel. Ke lateral concavity of basis capituli into which 
Sd. salivary duct. mesial surface of palpal article I fits. 
8.P. subcheliceral plate. Y Y-shaped bar of chitin. 
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THE BIONOMICS OF IXODES HEXAGONUS LEACH IN BRITAIN 


By D. R. ARTHUR 
From the Department of Zoology, King’s College, University of London 


(With 6 Figures in the Text) 


1. INTRODUCTION 


Galli-Valerio (1908) has contributed some notes on 
the bionomics of Ixodes hexagonus Leach, but Nuttall 
(1913) has given most of the available information, 
of which the following are the essential points. 
Attempts to breed this tick in captivity have failed, 
and observation has shown that in order to complete 
the life history it requires three hosts. Egg-laying 
begins 8—14 days after the tick drops from the host, 
and it continues for 30 days at 15° C. (no humidity 
data given), the female surviving for 1 week after it 
has been completed. Each female lays 250-650 eggs. 
Development of the egg to the larval stage takes 
73-102 days, and the metamorphosis of the nymph 
takes 77 days at 13—18° C. (again no humidity data 
given). Schulze (1941) has summarized the male- 
female relationships of the species. 


2. MATERIALS AND METHODS 


The hosts, from which the present material was 
obtained, came from south Wales and south-east 
England. Most of the animals were either trapped 
or shot, but hedgehogs were taken alive. With the 
exception of larger forms, such as foxes and badgers, 
the animals were placed in muslin bags immediately 
after death and these were securely sealed. About 
24 hr. later the bodies were searched and the con- 
tents of the muslin bags were examined in white 
enamel dishes. The larger animals were either 
examined in the field or else brought into the labora- 
tory in sacks. 

The hedgehogs, used for rearing ticks, were placed 
in a cage, suspended over a water-bath. The gorged 
ticks fell through the wire-netting base of the cage 
into the water-bath, which was examined daily for 
the various gorged phases. 


3. LIFE HISTORY 


Time taken to commence laying eggs. Gorged females 
are active for some time after leaving the host, and 
normally they wander about in search of a suitable 
site for laying eggs, becoming immobile when a site 
has been found. As they became available from their 


hosts newly gorged females were subjected to 
different temperatures and humidities. 

At 19° C. and in a saturated atmosphere the time 
that elapses before eggs are laid is fairly constant 
(12-14 days). At 100% r.H. and various other 
temperatures egg-laying begins after 7-31 days; 
24-31 days at 10° C., 16-24 at 15° C., 7-12 at 25°C., 
and 7-11 at 28° C. (Table 1). The period before egg- 
laying is longer at lower than at higher temperatures 
within the given range and in drier air than at 
humidities exceeding 90%. Egg-laying does not 
take place when the relative humidity falls below 
80 %R.H. ;nordoesit occurin asaturated atmosphere 
when the temperature falls below 3° C. or is raised 
above 30° C. 

l 0-5 mm. i 














Fig. 1. Ixodes hexagonus. Gené’s organ extended to show 
the lateral horns. l.h. lateral horn; R.M. retractor 
muscle, 


Oviposition. My observations on oviposition in 
this species follow, in essential features, those made 
on I. ricinus by Lees & Beament (1948). When J. 
hexagonus is at rest, the capitulum is directed an- 
teriorly, the vagina appears as a crescentic slit and 
the organ of Gené is not visible. When the egg 
emerges from the vagina the capitulum becomes 
flexed ventrally and comes to lie along the ventral 
surface of the body near the vaginal orifice. Subse- 
quently, the organ of Gené is everted and follows 
the curvature of the capitulum. This organ has 4 
balloon-shaped base provided with two antero- 
lateral horns on each side (Fig. 1). The hypostome 
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Table 1. Pre-oviposition period at different temperatures and humidities 


The asterisk indicates that death occurred before egg-laying started; a plus sign that no egg-laying took place 
under the experimental conditions although the ticks remained alive. 





Temp. (°C.) 

R.H. (%) 1-3 10 15 19 25 28 30 
100 + 24 19 13 7 7 “ 
100 + 31 21 12 8 8 . 
100 + 29 17 12 8 " 7 ° 
100 + 26 18 12 8 ll . 
100 + 27 19 13 8 9 + 
100 + 20 14 8 7 + 
100 + 16 13 8 7 + 
100 + 18 13 8 + 
100 + 22 13 8 ° 
100 + 20 13 8 
100 ‘ 24 13 8 ° 
100 17 8 ° 
100 17 8 
100 19 9 
100 18 9 
100 21 10 
100 10 
100 9 
100 ll 
100 . 12 
Means 27-4 19-1 12-8 8-7 8-0 - 
95 + 27 21 14 9 8 
90 + 24 16 11 10 
90 + 27 15 ll 
90 e 21 17 12 
90 24 16 12 
90 23 15 13 ° 
Means 23-8 15:8 11-8 10-0 - 
80 + 39 29 17 - °. 

80 . 34 27 16 6 * 
80 ba 35 29 18 ” * 
80 . 32 ‘ 19 ° * 
Means 35 28-3 17-5 e 
75 . . . ° . 
15 * * * . * * 
15 * * * , + * 
15 * * ~ 


is pressed closely against the ventral wall of the body 
and the palps diverge lateraliy. Gené’s organ then 
attains its greatest size and, at the same time, the 
inner lining of the vagina protrudes through the 
genital aperture. This may also be brought about 
by pressure on the body and by the injection of 
liquids into the body cavity. Presumably, this 
extrusion is effected by the contraction of the dorso- 
ventral musculature, which has a connexion with the 
vaginal muscle in this region (Fig. 2a). The everted 
vagina comes into close contact with Gené’s organ 
and serves as an ovipositor. The eggs are then trans- 


ferred to the antero-lateral horns of Gené’s organ 
and the vagina is quickly retracted. Gené’s organ is 
inflated and deflated several times, with the egg 
adhering to it, and the palps work rapidly from side 
to side. Eventually, the organ retracts completely 
and the egg is left adhering to the dorsal surface of 
the hypostome, which then returns to its normal 
position carrying the egg with it. In this way the 
eggs eventually come to lie on the dorsum and, as 
the ovipositing female rarely moves once egg-laying 
has commenced, they accumulate in a dense cluster. 
Egg-laying continues for 19-25 days at 22° C. and 


6-2 
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Fig. 2. Ixodes hexagonus. (a) View of vaginal and dorso-ventral somatic muscles, as seen from the mesial aspect. 
Arrow indicates point of attachment to vagina. (b) Detailed view of portion of same. D.-V.M. dorso-ventral 
somatic muscle; D.-V.Mf. dorso-ventral muscle fibre; N. nucleus, embedded in sarcoplasm; N.E. nerve 





ending; Sa. sarcolemma; Ss. sarcostyles; V.M. vaginal muscle; V.Mf. vaginal muscle fibre. 
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Table 2. Oviposition by Ixodes hexagonus Leach 
Index to females 


A 





Days B5 B10 B15 B20 
1 5 17 14 24 
2 37 48 44 61 
3 90 102 57 0 
4 117 121 102 75 
5 123 130 78 , 
6 124 126 96 436 
7 59 102 120 
8 55 74 131 
9 76 68 99 86 

10 119 92 87 0 
11 78 84 53 55 
12 66 60 64 82 
13 55 59 8 75 
14 40 51 76 60 
15 26 38 0 0 
16 28 14 0 35 
17 23 12 7 21 
18 92 23 61 17 
19 104 14 24 11 
20 114 17 0 0 
21 0 32 

22 9 46 

23 9 a ° 
24 0 2 

25 : ‘ ‘ 

26 * ° . ° 

Totals 1449 1336 1121 1038 


B23 wi3 ws BM1 Wl17 
18 19 16 ‘ 12 
52 50 51 , 43 

108 64 72 ‘ 83 
110 109 123 r 94 

101 117 108 . . 

117 84 92 . 108 
97 62 73 ‘ 85 
86 71 24 i 69 
24 27 48 ‘ 72 
73 52 76 ° » 
70 43 38 é 59 
64 49 57 P 47 
68 55 34 ‘ 42 
75 26 19 » 45 
12 12 51 ‘ 17 
39 10 13 e 2 
27 13 17 ‘ 64 
10 10 14 i 0 

5 7 9 950 53 
4 0 5 19 
3 1 7 
* 
: : : , ; 
1173 880 941 950 921 


* Denotes death of female tick. 


100% n.H. The number of eggs laid daily reaches a 
maximum 4-8 days after the onset of oviposition 
when temperatures and humidities are constant and 
favourable. Subsequently, the trend of the curve 
(Fig. 3) and data in Table 2 indicate a reduction in 
productivity. In B5 (Table 2) there is a recrudes- 
cence of egg-laying on the 18th—20th days, for which 
I can offer no certain explanation. Possibly it is 
associated with egg manipulation, for I noticed that 
handling the ticks sometimes induces them to pro- 
duce abnormal yields. 

The period between the laying of one egg and 
another was not measured, but as 100-130 eggs are 
laid per day at first, one egg is laid on the average of 
12-14min. Clunies Ross (1924) found that J. 
holocyclus Neumann lays one egg at least every 6 min. 
Wheler (1906) for I. ricinus estimates this interval 
as 3 min., Lees & Beament (1948), working with the 
same species, as 12min. In my experiments at 
constant temperature (22° C.) and humidity (100% 
R.H.) the rate of egg production declines with in- 
creasing age of the animal; thus, after 12 days eggs 
are deposited at the rate of one every 24 min. Under 
natural conditions the rate of egg production 
fluctuates in response to varying physical factors of 
the environment (Fig. 3). 

No exact evidence is available of the effects of 


temperature and humidity on the course of egg- 
laying by I. hexagonus. In Table 3 the number of 
eggs laid at constant humidity (R.H. 100%) and 
varying temperatures (15, 22 and 28° C.) is shown. 
At any one of these temperatures the number of 
eggs laid by any one female cited varies, but the 
mean totals from ticks observed at different tempera- 
tures do not differ significantly. This result agrees 
with the findings of MacLeod (1935) for I. ricinus 
and of Hunter & Hooker (1907) for Margaropus 
annulatus. As the temperature rises the period 
required for egg-laying diminishes and the mean 
daily output at higher temperatures rises. This may 
be due to increased metabolism, and particularly 
to enhanced digestion and absorption of food 
suggesting a correlation between egg-laying period 
and temperature. 

At one temperature (22°C.) and varying humidities 
(80, 90 and 100 % R.H.) the total output of eggs was 
found to decrease as the humidities were lowered. 
The mean time for oviposition at all humidities is 
more or less constant (20+ 1 days), while the mean 
daily output is correlated with relative humidity 
(Table 4). The daily egg output at 22° C. and at two 
humidities, 100 and 80% r.u. (A and B), and at 
100% R.H. and two temperatures, 22 and 15°C. 
(A and D) are shown in Fig. 3. At humidities over 
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Table 3. Number of eggs laid at different temperatures and in saturated air 
Mean 
Temp. Tick Total No. of Daily Mean Mean daily 
a) index output days average total time output 
15 Al 1116 31 36) R 
A2 1276 27 48 | 
A3 1539 29 53 ¢ 1183 30 39 
A4 960 32 20| 
A5 1023 31 33 
22 E5 1349 23 59 
E10 1356 24 57 
E15 1552 19 82 1285 21 61 
E20 1061 19 56 
E23 1109 21 53 
28 Cl 1081 17 64) 
C2 918 18 51 
C3 1729 19 91f _ os ” 
C4 1056 16 66 
Table 4. Number of eggs laid at different humidities and 22° C. 
Mean 
Total No. of Daily Mean Mean daily 
R.H. (%) output days average total time output 
100 1349 23 59) 
100 1356 24 57 | 
100 1552 19 82 > 1285 21 61 
100 1061 19 56 
100 1109 21 53 
90 980 20 49 
90 1009 18 56 
90 1170 18 65 1030 19 56 
90 1139 18 63 
90 853 19 45 
80 732 22 33 
80 989 19 52 Fee 
80 805 21 38 887 20 44 difficu 
80 899 21 43 
80 1010 18 56 tae 
theref 
which 
90% n.H. the peak of the curve is higher and is crawling a short distance from the cast-off shell, This iz 
reached more rapidly at the higher temperature (A), remains quiescent for some days, darkening in Ask 
exhaustion occurring sooner. At lower temperatures colour. Defaecation takes place from the rectal sac, ticks a 
(D) the ovary is slower to reach its relatively low which is fully charged prior to emergence. At room eight } 
egg-producing maximum, and egg-laying is more temperatures (18-20° C.) and 100% R.u. the larvae after 1 
protracted. Curve B represents the results obtained begin to emerge after 52-58 days. inspec 
when the relative humidity is 80 %; the initial curve Attempts have been made to determine the thisis 
approximates to the condition of A, but later onthe limiting conditions and percentage viability of Large 
number of eggs laid rapidly falls off. The ovaries single eggs under different conditions of temperature third a 
of females subjected to this treatment contain and humidity. The eggs invariably shrivelled up, so that tl 
numerous eggs, so that egg-laying fails, not because that egg-clusters had to be used instead. The eggs old lar 
the ovaries are exhausted, but because of the effects | were exposed to the particular conditions of the arm, r 
of external conditions on egg development. experiment within 24 hr. of deposition. The values gorged 
Development of the egg. The essential features in Table 5refer to the period (days) between exposure metam 
follow the course previously indicated for Ixodes to these conditions and the appearance of the first The 
ricinus (Arthur, 1948). The newly hatched larva is larvae, no account being taken of different mortality after d 
of a pale straw colour, and both the palps and the rates. Eggs will not develop if the humidity falls | peratu 
limbs are somewhat wrinkled. The larva emerges below 80% R.H. and will not live if the temperature pre-mc 
through a longitudinal slit in the egg-shell, and after rises above 28-30° C. 28°C. 
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Table 5. Time taken in days for development of the eggs of Ixodes hexagonus 


Temperature (° C.) 





1-3 15 
R.H. (%) 
100 + 71 
100 + 83 
100 + 14 
90 + 100 
90 + 97 
90 : 101 
90 
80 7 + 
80 + + 
80 * + 
75 + + 
75 + 2 
75 = = 


20 25 30 35 
52 44 38 + 
57 + + + 
58 48 36 ? 
58 54 + 

59 55 + 

53 57 ; 

57 52 ‘ 

+ + + ° 
+ + . + 
+ + + . 
+ + + . 
+ + ° + 
+ . = . 


+ Denotes no development after 6 months’ incubation. 


Table 6. Engorgement of larvae of Ixodes hexagonus Leach on Erinaceus europaeus 


Larvae that dropped engorged on specified 


day following capture 





Date of Date of c 

capture caging 1 
28. x. 48 29. x. 48 ; 
29. x. 48 29. x. 48 7 
29. x. 48 29. x. 48 0 

2. v. 49 2. v. 49 0 
13. v. 49 14. v. 49 4 
15. v. 49 16. v. 49 13 

6. vii. 49 8. vii. 49 

6. vii. 49 8. vii. 49 


Feeding of larvae. Like Nuttall, I have had 
difficulty in breeding unfed larvae on the hosts in 
the laboratory. The time for larval engorgement has 
therefore been estimated from the period during 
which gorged larvae were recovered from hedgehogs. 
This information is given in Table 6. 

As hedgehogs return to the same nest, presumably 
ticks attach themselves up to the night of capture. In 
tight hedgehogs examined, no ticks were recovered 
after the sixth day, although the water-bath was 
inspected daily for another three weeks. Perhaps 
thisis an indication that larvae may feed up to 6 days. 
Large numbers of larvae fall off their hosts on the 
third and fourth days, and it is reasonable to suppose 
that this is the mean feeding period. Three 10-day- 
old larvae, placed under an inverted pill box on my 
arm, remained attached and fed for 3 days. When 
gorged they detached themselves and subsequently 
metamorphosed to normal nymphs. 

The larval moulting. The period taken to moult 
after dropping from the host is influenced by tem- 
perature (Fig. 4). In my experiments the shortest 
pre-moulting time was 23 days at a temperature of 
28°C. and 100% r.w. At 15, 20, 22 and 25°C. ina 


2 3 4 5 6 
‘ ‘ 1 
7 19 12 
1 32 3 1 
13 27 13 1 
0 7 ] ‘ 
6 32 9 2 
2 2 


— 
to . 
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saturated atmosphere, the mean periods taken for 
moulting were respectively 60, 33, 27 and 23 days. 
Gorged larvae placed in a refrigerator at tempera- 
tures of 1—3° C. and in a saturated atmosphere show 
no signs of moulting within the same period. It 
seems, therefore, that low temperatures retard the 
rate of approach to moulting. This implies that the 
time for metamorphosis normally fluctuates, and 
in winter may be much longer than in spring and 
summer. The curve depicting times taken to reach 
the moulting stage in IJ. hexagonus shows the same 
general trend to that obtained by Bishopp & Smith 
(1938) in Dermacentor variabilis Say, but at com- 
parable temperatures the time required for moult- 
ing of the larvae of I. hexagonus is nearly twice as 
long. 

Larval longevity. Larvae of I. hexagonus, like 
those of I. ricinus, prefer moist shady conditions 
and are soon killed by exposure to dry conditions. 
I have kept larvae submerged in water for periods 
of up to 4 months without harmful effects. Larvae 
kept in specimen tubes provided with moistened 
cotton-wool so as to provide a high humidity have 
survived up to 15 months. The larvae then tend to 
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remain in clusters, but they scatter and crawl about 
more if the temperature rises of if strong light be 
directed on them. When gorged larvae and nymphs 
drop off the host they are active at room temperatures 
for 7-8 days. In the laboratory, when confined to 
specimen tubes, they will climb up the sides, 
eventually wedging themselves between the cork 
and the glass in the most shaded position. In the 
present investigation instances have been recorded 
of gorged larvae and nymphs pushing their way into 
holes and fissures in the cork. This is followed by a 


Period from dropping to first moult 
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back. The portion thus forced back is much crinkled 
and folded. Inside the translucent case the recta] 
sac remains charged with viscid excretory materia] 
of a white and granular nature. 

Feeding of nymphs. The period during which the 
nymph remains attached to the host has been 
determined in two ways: by the recovery of gorged 
nymphs from captured hedgehogs (A), and by experi- 
mental establishment on the same host (B) (Table 7), 
From the series A it is seen that no nymphs were 
recovered after 8 days and, assuming that nymphal 


Moulting of larvae of 
|. hexagonus 





| | i ! | | = 





20 21 #22 #23 24 2 26 27 28 


"G. 


Fig. 4. Ixodes hexagonus. Moulting of larvae in relation to changing temperatures (R.H. 100%). 
Dots represent single records, circles represent two records, and triangles represent 


three records. 


quiescent period during which, even when disturbed, 
they make little or no effort to move. Several days 
before the moult occurs immersion in lactophenol 
reveals the body of the succeeding phase under the 
cuticle of the larva. When the larvae and nymphs 
emerge the cuticle splits anteriorly, at the base of the 
capitulum and in front of the anterior margin of the 
scutum. The fissure is continued ventro-laterally 
but is incomplete ventrally (Fig. 5). The capitulum 
of the succeeding stage is withdrawn from the 
nymphal capitular exuvium, and the dorsal portion 
of the alloscutum together with the scutum is forced 


ticks, like larvae, are acquired up to the night of 
capture, it seems feasible that the maximum feeding 
period is 8 days. The nymphs employed in series B 
were bred from gorged larvae in the laboratory and 
established on four different host animals. No 
nymphs were recovered until the fourth day, but 
88% of the established nymphs were recovered 
after 5—7 days, the greatest numbers being recovered 
on the sixth and seventh days. I have examined 
more material than is indicated above, but I have 
never recovered nymphs after 8 days’ captivity. 
About 20-25 days after dropping from the host, 
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at a temperature of 18°C. and 100% n.u., the 
nymphal cuticle shows a light area anteriorly on the 
dorsum. This is extended posteriorly as the time for 
moulting becomes imminent, and it is due to the 
separation of the developing adult cuticle from that 
of the nymph (Fig. 6). Under the same atmospheric 
conditions, the first adult emerges after 32 days, and 
in all the lots examined these were males. At 





Fig. 5. 


angles of the margins of the body in fully mature 
males is not then apparent. The scutum is pale 
brown and translucent, while the capitulum and 
legs are pale yellow. The ventral plates are brown and 
the interplate areas have a slate-grey tinge. The body 
is much distended. After 1 or 2 days the body 
becomes paler in colour because black faecal material 
has been passed out of the body. The outline of black 


Fig. 5. Ixodes hexagonus. Mechanism of emergence of nymphs and adults from preceding stages. A. alloscutum; 
C. capitulum; C.B. base of chelicera; S. scutum; V.A. ventral wall of alloscutum; W.A. wrinkled portion of 


alloscutum; L. larval capitulum. 


Fig. 6. Ixodes hexagonus. Transverse section through a nymph prior to moulting. A.C. adult cuticle; B. brain; 
D.A. dorsal aorta (heart); G.D. gut diverticula; M.G. mid-gut; M.T. Malpighian tubules; N.C. nymphal 
cuticle; O. oesophagus; S.G. salivary gland; L. 2, leg 2; T. trachea. 


Table 7. Engorgement of nymphs of Ixodes hexagonus Leach 


Series A 


Gorged nymphs recovered from hedgehogs on days succeeding capture 








Hedgehog rc — " 
index 1 2 3 4 5 6 7 8 9 
T4 0 1 3 2 7 13 1 3 0 
T9 0 1 1 5 7 14 3 1 0 
wil 1 0 4 1 3 8 0 2 0 
Ww2 4 2 3 3 1 5 3 1 0 
w4 0 0 4 2 3 9 0 0 0 
Series B 
Gorged nymphs recovered on 
Hedgehog r —_— ~ 
index 4th day ithday 6thday 7thday 8th day Total 
T13 0 3 6 3 0 12 
T17 0 5 8 7 1 21 
Ww3 0 1 6 7 3 17 
Pl 1 2 3 2 2 10 


temperatures of 13—17° C., the corresponding period 
from nymph to adult is 71-77 days. A dry atmo- 
sphere was found to be deleterious, and in my 
experience I found that nymphs living in a humidity 
of 80 % n.H., at high or low temperatures, died before 
metamorphosing. 

Emergence of adult. Emergent males have aslate- 
grey tint and are convex above and below; the acute 


intestinal caeca can be seen through the translucent 
cuticle. After 9 or 10 days the colour darkens 
appreciably and the scutum takes on the form and 
colour of the mature male. The interplate areas 
retain the slate-grey of the emergent adult. 

The emergent females are much lighter than the 
males and have a translucent greyish hue. The body 
is thick and rounded posteriorly and convex both 
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above and below. The legs and the capitulum of the 
hatching female are pale and translucent. The body 
darkens appreciably within 5 days; the scutum 
becomes dark brown and the alloscutum bluish grey. 

At metamorphosis, both adult male and female 
move a short distance from the moulted cast and 
become quiescent. This period of rest may last 
8-12 days. When disturbed, however, the animals 
move briskly. 

Feeding of the female. The point of attachment of 
the females on hedgehogs, stoats and weasels is in 
the anterior part of the body, especially behind the 
ears, on the jaws, neck, in the axillae of fore- and 
hind-legs, and around the anal and genital apertures. 
The hypostome of the tick is inserted quickly, but 
the host does not seem to feel pain. When human 
beings are attacked by the tick they are unaware of 
its presence until the females are more or less gorged 
(Arthur, 1947). Gorged females have often been 
recovered from these hosts. The normal period for 
engorgement is 8 days at 19° C. and 100 % R.u., but 
this may be extended up to 16 days. Attempts to 
instal females on the hosts were unsuccessful. 
I sometimes found that the number of ticks re- 
covered from the host was not the actual number 
known to be present on the animal, despite my care 
to prevent the escape of the parasites. Splashes of 
blood were often seen when fully gorged ticks 
dropped off, and this suggests that the hosts some- 
times eat their parasites. 


SUMMARY 


1. Ixodes hexagonus is a three-host tick. 
2. The length of the pre-oviposition period is 
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fairly constant at 19° C. in a saturated atmosphere, 
varying between 12 and 14 days. 

3. Oviposition takes place as in I. ricinus and, at 
room temperatures at 18-20°C., R.H. 100%, the 
number of eggs laid varies from 880 to 1449. Experi- 
ments on the effects of different temperatures and 
humidities on egg-laying are described. 

4. Eggs hatch in 52-59 days under the conditions 
stated above. 

5. The larvae gorge for 3-6 days, the majority 
becoming replete on the third and fourth days after 
attachment. 

6. The metamorphosis of the larva is prolonged 
by cold conditions and is hastened during warm 
weather. In a saturated atmosphere at 15, 20, 22 
and 25° C., the mean times for moulting are re. 
spectively 60, 33, 27 and 23 days. 

7. The nymphs gorge for 5-7 days, the greater 
number dropping off between the sixth and seventh 
days. 

8. At18° C.and 100 %R.H. moulting of the nymph 
takes place about 32 days after repletion. 

9. After metamorphosis the adults rest for 8-12 
days, and feeding lasts 8-16 days. 


The writer is much indebted to Dr Ben Dawes, 
Reader in Zoology, King’s College, Prof. D. L. 
Mackinnon and Dr P. Tate, Molteno Institute of 
Parasitology, Cambridge, for the kind interest they 
have taken in the work and for reading the manu- 
script prior to publication; and to M. D. Froud, 
Esq., M.Se., Wye Agricultural College, and William 
Thomas, Esq., Ammanford, Carms., for supplies of 
animals suitably treated. 
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A FURTHER REVISION IN THE CLASSIFICATION OF THE FAMILY 
METASTRONGYLIDAE LEIPER [1909] (PHYLUM NEMATODA) 


By ELLSWORTH C. DOUGHERTY, Pu.D., M.D.* 
Department of Zoology, University of California, Berkeley, and Kerckhoff Laboratories 
of Biology, California Institute of Technology, Pasadena, California 


(With 1 Figure in the Text) 


I. INTRODUCTION 


Simultaneously with a recent paper in which were 
discussed my theories on the evolution of the Meta- 
strongylidae (Dougherty, 19496) there appeared an 
excellent study by Gerichter (1949) based on lung- 
worms found by him in felids of Israel and including 
critiques of certain hypotheses that I have put forth 
inthe past. I wish in this communication to express 
agreement with Dr Gerichter as regards the funda- 
mental affinities of most of the lungworms that I have 
grouped as a subfamily Skrjabingylinae Skriabin, 
1933, and placed, erroneously as now seems evident, 
in the family Trichostrongylidae Leiper, 1912. He 
has presented convincing morphological evidence 
that these forms are closely allied to those meta- 
strongylids that I have ranged in the subfamilies 
Filaroidinae Skriabin, 1933, and Protostrongylinae 
Kamenskii, 1905. 


Il. SUBFAMILIAL GROUPINGS IN THE 
METASTRONGYLIDAE 


In 1945 (Dougherty, 19455), I first suggested that 
the skrjabingylins should be placed in the family 
Trichostrongylidae by reason of the structure of the 
ovejectoral apparatus in the female, which I inter- 
preted as being basically trichostrongylid in these 
forms. Aginst this, Gerichter has described the larval 
morphology of his new species T'roglostrongylus 
breviort and shown its close similarity to filaroidin 
and protostrongylin larvae, particularly as regards 
the crooked tail structure. He also emphasized the 
pattern of circumoral papillae and the reduction 
of the dorsal ray in the adult. While the last 
two characters agree in general with the condi- 

* Senior Research Fellow of the American Cancer 
Society as recommended by the Committee on Growth of 
the National Research Council, 1949-52. 

+ I should rather place this in the genus Broncho- 
strongylus Cameron, 1929, which I have distinguished 
by key (Dougherty, 1949a), and accordingly designate it 
Bronchostrongylus brevior (Gerichter, 1949) n.comb. An 
alternative would be to synonymize Bronchostrongylus 
with Troglostrongylus Vevers, 1923. 


tion in the Metastrongylidae, the latter at least 
does not necessarily exclude these forms from 
the Trichostrongylidae; the genera Bidigiticauda 
Chitwood, 1938, and Cheiropteronema Sandground, 
1929, which are clearly trichostrongylid, have re- 
duced dorsal rays (see Chitwood, 1938). Finally, 
Gerichter has cited the similarity of life cycle, i.e. the 
obligate use of gastropod molluscs as intermediate 
hosts; therein, indeed, is a close agreement, which 
I shall discuss further towards the end of this paper. 
It therefore would appear that, in so far as the 
skrjabingylin ovejector resembles that of the true 
trichostrongylid, evolutionary convergence is pro- 
bably responsible, for, as I shall indicate shortly, it 
does not seem likely that these forms represent a link 
between the two families. 

In connexion with another point, however, 
Gerichter’s disagreement with my relegation of 
certain metastrongylids with well-formed, though 
relatively small bursae in the male to the Fila- 
roidinae, in which I also placed forms with very 
degenerate, even lacking, bursal structure, is not, 
inmy estimation, entirely apposite. He has criticized 
my statement (Dougherty, 1946) that Aelurostron- 
gylus falciformis (Schlegel, 1933) Dougherty, 1946, 
exhibits ‘reduction of the bursa approaching that of 
Filaroides’ and states that the drawing of Aeluro- 
strongylus falciformis by Wetzel (1938, p. 534) 
‘shows the bursa well developed and similar to that 
in A. abstrusus’. Actually, the bursae of both 
A. abstrusus (Railliet, 1898) Cameron, 1927, and 
A. falciformis are very small (100 in length or less) 
and the rays quite short and stubby, as compared 
with the bursa and rays of a species like A. fengi 
(Hsii, 1935) Dougherty, 1946; and it is exactly this 
situation that I had in mind when I stated that the 
condition in A. falciformis ‘approaches’ that in 
Filaroides. This point is after all qualitative, and 
Gerichter’s disagreement derives from a difference 
rather in emphasis than in fact. 

The basis for my classification of the Metastron- 
gylidae was not available to Gerichter at the time 
of writing his recent paper, and thus his emphasis of 
the protostrongylin, rather than filaroidin affinities 
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of Aelurostrongylus Cameron, 1927, rests, I feel, 
largely on a difference in our definitions of these 
groups. Actually, I consider that the Protostron- 
gylinae and Filaroidinae are very close, and perhaps 
it is quite arbitrary to which subfamily Aeluro- 
strongylus (and by consequence Angiostrongylus 
Kamenskii, 1905, and Gurltia Wolffhiigel, 1933) are 
assigned. However, I chose to emphasize the high 
differentiation of the gubernacular complex in the 
former subfamily as opposed to its relative simplicity 
in the latter as the major criterion of difference 
between the two groups. This, being a progressive 
character in the Protostrongylinae, seems to offer a 
sounder basis of classification thanemphasis on bursal 
size, which, being a regressive character, might, 
as I indeed believe to have been the case, manifest 
itself more than once in a group such as the Meta- 
strongylidae. Indeed, it seems evident that bursal 
reduction is a general tendency in this family, pro- 
bably related in some way to the evolutionary 
consequences of living in respiratory and circulatory 
systems. It has occurred in the Protostrongylinae 
in the genus Muellerius Cameron, 1927; in the 
Filaroidinae, running from Aelurostrongylus to the 
extremes of Metathelazia Skinker, 1931, and Para- 
filaroides Dougherty, 1946; and in the Pseudaliinae 
Railliet & Henry, 1909, running from Stenurus 
Dujardin, [1844] (which actually has as large a bursa 
as some of the species of Aelurostrongylus) to 
Halocercus Baylis & Daubney, 1925. 

Therefore, it seems to me sound to leave the 
sub-families Protostrongylinae, Filaroidinae, and 
Pseudaliinae as I have constituted them. 

The problem now arises as to how to integrate the 
skrjabingylins into the evolutionary scheme that 
I recently proposed (Dougherty, 19496, fig. 27). 
Actually, I do not believe that this necessity must 
alter the general outline of my hypotheses, with 
their emphasis on parallel host-symbiote evolution ; 
Gerichter has referred to the ‘protostrongyline’ at- 
tributes of these forms, and I should now agree, with 
the substitution of filaroidin and protostrongylin for 
his qualification. In my estimation the skrjabin- 
gylin genera with species primarily in carnivores are 
probably more closely related to the Filaroidinae, by 
reason of their gubernacular and general bursal 
characters. The position of the vulva near the 
mid-portion of the body of the female is possibly 
a primitive character; on the other hand, it may be 
a secondary shift from the preanal position found in 
most metastrongylids; and the change in the gross 
form of the ovejectoral apparatus from the typical 
metastrongylid configuration may well be a conse- 
quence of this shift. As Gerichter himself has pointed 
out, a migration of the vulva from the mid-portion 
to the posterior end has occurred in a number of 
trichostrongylid genera and apparently not once, 
but several times, particularly characterizing the 


subfamily Heligmosominae Travassos, 1914. I am 
frankly attracted to the idea of a secondary shift to 
explain the position of the skrjabingylin vulva, for it 
would permit the derivation of this group from some 
generalized filaroidin, which also represents a group 
largely characterized by having carnivores as hosts, 
Despite this close affinity it nevertheless seems 
possible, perhaps desirable, to maintain a subfamilial 
grouping of skrjabingylins on the basis of vulvar 
position, ranging the Skrjabingylinae close to the 
Filaroidinae in the family Metastrongylidae. 

The consequence of this realinement is to demon. 
strate again an independent trend toward bursal 
reduction in a metastrongylid group—in this case 
from such a genus as Crenosoma Molin, 1861, to 
Skrjabingylus Petrov, 1927. 

The genus Dictyocaulus Railliet & Henry, 1907, 
merits especial consideration, for it is clearly dis. 
tinctive, and I am not convinced that, despite my 
having placed it (Dougherty, 19456, 1949) in the 
Skrjabingylinae, it is actually closely related to the 
genera with species principally in carnivores, 
Morphologically it is unusual, with large bursa and 
long rays, peculiarly grouped, and with an ovejectoral 
apparatus that grossly is strikingly similar to that 
of the Trichostrongylidae. Moreover, unlike any of 
the other metastrongylids so far studied, if indeed it 
be one, its species do not require an intermediate 
host; and the larval morphology does not clearly 
suggest protostrongylin affinities, although like the 
Protostrongylinae the species of Dictyocaulus are 
found in the Artiodactyla (with one exception in the 
Perissodactyla). Skriabin (1941) was the first to 
suggest boldly that Dictyocaulus is a trichostrongylid 
genus, not metastrongylid, and created for it a new 
family Dictyocaulidae, which he placed in the Tricho- 
strongyloidea. I cannot at the present time satisfy 
myself as to which assignment is correct. If Dictyo- 
caulus is trichostrongylid, then it seems likely, on the 
basis of theories of metastrongylid origin presented 
in my recent paper, that it does not represent a transi- 
tional form between the families Metastrongylidae 
and Trichostrongylidae, but a form convergent with 
the members of the former family in its evolution of 
lung-habitation. It would be comparable to the 
lung-inhabiting members of the Syngamidae Leiper, 
1912—the genera Syngamus v. Siebold, 1836, and 
Mammomonogamus Ryzhikov, 1948. The solution of 
this problem possibly will require histological study 
and investigation of chromosome cytology in 4 
number of representative strongylines. For the time 
being, I prefer to leave Dictyocaulus in a subfamily 
Dictyocaulinae Skriabin, 1933, of the family Mete- 
strongylidae and suggest that it may be a primitive 
metastrongylid split off early in the evolution of the 
family. This subfamily may be readily distinguished 
by the unique bursal morphology of the male. 

The remaining subfamily, not so far discussed, i 
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Metastrongylinae Railliet & Henry, 1909, which 
[should retain for Metastrongylus Molin, 1861, and 
Heterostrongylus 'Travassos, 1925, as in my recent 
paper (Dougherty, 19495). 


Il. SIGNIFICANCE OF LIFE CYCLES IN 
METASTRONGYLID EVOLUTION 


The nature of life cycles in the Metastrongylidae 
raises interesting theoretical problems. As already 
has been indicated, the Protostrongylinae, Fila- 
ridinae, and Skrjabingylinae characteristically have 
obligate larval stages in gastropod molluscs, whereas 
the Dictyocaulinae have direct life cycles with free- 
living larval stages (see Chandler, Alicata & Chit- 
wood, 1941). The subfamily Metastrongylinae, as far 
as the genus Metastrongylus is concerned (the life 
cycle of Heterostrongylus being unknown), requires 
earthworms as obligate intermediate hosts. It would 
appear from these facts that the primitive meta- 
strongylid, such, possibly, as Dictyocaulus, may have 
been monoxenous, that is, with a single host and 
hence a direct pattern of larval development, but 
that most of the metastrongylids have evolved 
a dependence on heteroxeny, the intermediate hosts 
being earthworms in the case of metastrongylins and 
snails and slugs in the case of filaroidins, skrjabin- 
gylins, and protostrongylins. 

The situation is not so simple as this, however, for 
in both subfamilies Filaroidinae and Skrjabingylinae 
there are representatives—all species of the genera 
Parafilaroides and Otostrongylus de Bruyn, 1933, 
respectively —symbiotizing pinnipedes, which, being 
marine littoral forms, are scarcely in a position to be 
infected by lungworm larvae requiring terrestrial 
gastropods as intermediate hosts. Moreover, the 
Pseudaliinae, symbiotes of the Cetacea, inhabit pel- 
agic hosts exclusively. Therefore, it seems necessary 
toassume that, if reliance on such invertebrates is an 
ancestral condition in the subfamilies indicated, then 
itis subject to drastic evolutionary modification, for 
Parafilaroides, Otostrongylus, and the Pseudaliinae, 
in which essentially nothing is as yet known of the 
life cycle, must have lost reliance on terrestrial 
gastropods and either re-established direct life cycles, 
or substituted some other group as intermediate 
hosts. This is an interesting problem and well deserves 
investigation. 

All in all, the known life cycles of the Metastron- 
gylidae fit nicely into the theory of evolution of the 
family that I have developed in recent studies and 
am emending here. The Dictyocaulinae and Meta- 
strongylinae, being aberrant and possibly primitive, 
have life cycles involving direct larval development 
and development in earthworms respectively. The 
remaining metastrongylids, which I conceive as being 
more closely related, characteristically require 
gastropods. It is not difficult to fit the Pseudaliinae 
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into this last grouping if one assumes, by analogy 
with Parafilaroides and Otostrongylus in pinnipedes, 
that these forms can have lost dependence on 
terrestrial gastropods and either substituted another 
intermediate host group, or returned to direct larval 
development. 


IV. CONCLUSION 


In conclusion, I should like to state that the fore- 
going discussion has unfortunately had to be pre- 
sented without the benefit of further study of 
strongyline anatomy. Because of a shift in research 
interests it now appears unlikely that I shall be able 
to finish studies on the histological structure of the 
strongyline ovejectoral apparatus, begun several 
years ago, but abandoned by reason of other re- 
sponsibilities before definitive conclusions could be 
drawn. Particularly the status of Dictyocaulus might 
be elucidated by such study. Moreover, an investi- 
gation of chromosome number and morphology in 
various strongylines, could well clear up many points 
of uncertainty and establish new facts on the evolu- 
tion of the suborder Strongylina. Techniques 
developed and used by Nigon (1949) for the study of 
chromosome cycles in rhabditoid nematodes could 
well be adapted, where living material is available, 
to similar studies on the Strongylina. 

In Fig. 1 is presented a scheme of evolution for the 
Metastrongylidae as modified in this paper. The six 
subfamilies recognized in the family are Metastron- 
gylinae Railliet & Henry, 1909, Filaroidinae Skriabin, 
1933, Skrjabingylinae Skriabin, 1933, Pseudaliinae 
Railliet & Henry, 1909, Protostrongylinae Kamen- 
skii, 1905, and Dictyocaulinae Skriabin, 1933. 


Vv. SUMMARY 


1. Recent studies by Gerichter have demonstrated 
that I have erred in referring the skrjabingylin 
lungworms to the family Trichostrongylidae. 

2. On the basis of his data and a re-evaluation of 
my theories of metastrongylid evolution it is sug- 
gested that the Skrjabingylinae (except Dictyoeaulus) 
are close to the Filaroidinae and that quite possibly 
the position of the vulva in the former is the conse- 
quence of asecondary shift from opening just anterior 
to the anus to opening in the mid-region of the body ; 
the ‘trichostrongylid’ configuration of the ove- 
jectoral apparatus would thus be convergent. 

3. The genus Dictyocaulus is removed from the 
Skrjabingylinae and left in a subfamily Dictyo- 
caulinae in the family Metastrongylidae, although 
its trichostrongylid affinities are very suggestive. If 
trichostrongylid, this genus is considered to exhibit 
convergence with the metastrongylids and not to 
represent an evolutionary link between the two 
families. 

4. The nature of metastrongylid life cycles is 
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discussed, and the compatibility of known data with 
the evolutionary scheme proposed for the family is 
pointed out. It is evident that in metastrongylids 
symbiotizing marine littoral and pelagic hosts (Pin- 
nipedia and Odontoceti) larval development must 
rely upon new intermediate host groups if the basic 
pattern has been retained from ancestors in terrestrial 
hosts. 

5. The possible importance of histological studies 
and of investigations on chromosome number and 
structure for a further understanding of the evolution 
of the suborder Strongylina is pointed out. 


Classification of the Metastrongylidae 


Admittedly the concept of a genus is a subjective one, 
but, in accordance with the criteria that I haye 
employed for recognizing metastrongylid genera, 
I do not feel that the spicular and vulvar characters 
upon which Anafilaroides has been based by Gerichter 
(1949) are of generic consequence. The type species 
of this genus thus becomes Filaroides rostratug 
(Gerichter, 1949) n.comb. 

(3) Gerichter (1948) has also described three inter. 
esting new species of Metathelazia—M.multipapillata 
from hedgehogs, M. capsulata from badgers, foxes, 
and marbled polecats, and M. oesophagea from mon. 


METASTRONGYLINAE FILAROIDINAE SKRJABINGYLINAE PSEUDALIINAE PROTOSTRONGYLINAE DICTYOCAULINAE 
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PRIMATIVE STRONGYLIDAE (CLOACININAE) 


Fig. 1. Schematic representation of the phylogeny of the family Metastrongylidae correlating symbiote and host 
evolution according to the author’s conception (modified from Dougherty, 1949b). The symbiote groups are 
indicated in gothic capitals. The ancestral host groups (orders) are indicated in gothic lower case (in paren- 
theses, parallel to the lines representing symbiote evolution); where members of the symbiote groups have 
become secondarily adapted to members of other host groups, such is indicated in each case by a broken line 


leading to the name of the latter order or orders. 


6. A revised scheme for the evolution of the 
Metastrongylidae is presented as Fig. 1. The family 
Metastrongylidae now includes six subfamilies : Meta- 
strongylinae, Filaroidinae, Skrjabingylinae, Pseuda- 
liinae, Protostrongylinae, and Dictyocaulinae. The 
basic premises previously expressed (Dougherty, 
19495) on the evolution of the family are retained in 
the amended scheme. 


ADDENDA 


Recent papers on the systematics of the Meta- 
strongylidae not covered by my previous summaries 
deserve comment. 

(1) It has already been noted herein that T'roglo- 
strongylus brevior Gerichter, 1949, should become 
Bronchostrongylus brevior (Gerichter, 1949) n.comb. 

(2) The genus Anafilaroides Gerichter, 1949, ap- 
pears insufficiently distinct to justify its separation 
at this time from Filaroides v. Beneden, 1858. 


gooses. Although he expressed some doubt as to the 
metastrongylid affinities of Metathelazia, I believe 
that the criteria enumerated by him as favouring 
this relationship substantially support the taxo- 
nomic placement of this genus in the Filaroidinae. 

(4) Skriabin (1946, p. 64) has mentioned two 
apparently new species of Protostrongylus from 
domestic sheep and goats in the Armenian S8.5.B., 
under the names Synthetocaulus muraschkinzewi and 
S. davtiani, which are to be attributed to Davtian 
(1940) and presumably to Savina (1940) respectively. 
However, Davtian’s and Savina’s papers are not 
available in North America. These species should, 0 
present evidence, be designated Protostrongylus 
muraschkinzewi (Davtian, 1940) n.comb. and P. dav- 
tiani (Savina, 1940) n.comb. 

(5) Shul’ts & Kadenatsii (1948) have erected anew 
genus Capreocaulus for the species originally de- 
scribed as Protostrongylus capreoli Stroh & Schmit, 
1938, from the roe deer, Capreolus capreolus (Linné). 
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Shul’ts & Andreeva (1948) have described a new 
genus and species, Pnewmocaulus kadenazii, from the 
musk deer, Moschus moschiferus Linné. These two 
genera appear justified and fall in the subfamily 
Protostrongylinae. Shul’ts & Kadenatsii have, more- 
over, grouped the protostrongylin genera with short, 
stocky crura as a new subfamily Capreocaulinae and 
have listed the genera that would fall therein (over- 
looking Elaphostrongylus Cameron, 1931, however). 
Shul’ts & Andreeva place this subfamily in a family 
Protostrongylidae, but do not cite a Soviet paper in 
which, presumably, the elevation of the protostron- 
gylins to familial status has been carried out. It 
should be pointed out that Shul’ts & Kadenatsii err 
in stating that I established the term ‘pedes’ 
(Dougherty, 1945a) for what I have regarded in the 
‘capreocaulin’ group as short, stocky crura; actually 
this term was used by me for poorly sclerotized caps 
on the ends of the long, slender crura of Orthostron- 
gylus. The terminology for the parts of the proto- 
strongylin gubernaculum that I have consistently 
used has been that of Shul’ts, Orlov & Kutas (1933), 
originally used for the gubernaculum of Protostron- 
gylus Kamenskii, 1905, and closely allied genera 
with long, slender crura; and I have tried to adapt 
it (Dougherty, 1945a, 19496; Dougherty & Goble, 
1946) to the somewhat modified structure of ‘ capreo- 
caulin’ type. Shul’ts and co-workers do not homo- 
logize the Protostrongylus-like crura with what I have 
called crura in the ‘Capreocaulinae’; they refer to 
these latter structures as an accessory gubernaculum 
(Shul’ts & Boev, 1940). Out of deference to Dr 
Shul’ts, whose terminology is involved, it is appro- 
priate to adopt thisnomenclature. It seems desirable, 
however, to point out that the use of the term crus 
in both cases has the merit of naming somewhat 
comparable paired structures in a uniform way. 

(6) Joyeux & Gaud (1943, 1946) have conclusively 
shown that morphologically indistinguishable races 
of Protostrongylus rufescens (Leuckart, 1865) Kamen- 
skii, 1905, occur in sheep and goats on the one hand 
and rabbits and hares on the other. These races 
cannot, apparently, cross-infect the reciprocal hosts. 
Joyeux & Gaud (1943) have named the form in 
leporids P. rufescens var. cuniculorum and have 
shown (1946) that P. pulmonalis (v. Frélich, 1802) 
Goble & Dougherty, 1946, of leporids is very similar 
to P. rufescens, differing essentially only in the 
shorter lengths of its spicules. These studies show 
that host-specificity in the protostrongylins may 
not be so strict as has generally seemed the case. 

(7) Sarwar (1944) mentioned briefly in abstract 
two purportedly new species, Protostrongylus indicus 
and Varestrongylus capricota [sic], from ‘Indian 
goats’. Essentially no descriptions were presented 
and thus the names must be considered nomina nuda 
a8 of the date of their first usage. Recently, however, 
Sarwar (1948) has supplied descriptions with figures ; 
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unfortunately the latter are very schematic and it 
is difficult to evaluate his species. The spicular 
and gubernacular measurements of Protostrongylus 
indicus are very close to those of P. unciphorus 
(Railliet & Henry, 1907) Cameron, 1927 (syn. 
Synthetocaulus hobmaieri Shul’ts, Orlov & Kutas, 
1933), and neither the description nor the crude 
figures provided by Sarwar present any unequivocal 
distinction, although the crura of the gubernaculum 
appear to differ somewhat in the two species if his 
figures thereof represent their structure accurately. 
Varestrongylus capricola [sic] may, as Sarwar believes, 
be a species of Varestrongylus Bhalerao, 1932, inas- 
much as the spicules and bursal rays (including the 
dorsal ray) rather resemble those of the other two 
described species of the genus—V. pneumonicus 
Bhalerao, 1932, and V. schulzi (Boev & Vol’f, 1938) 
Dougherty & Goble, 1946. If so, it appears to be 
distinct by reason ofits very short spicules. However, 
Sarwar states that a ‘spindle-shaped gubernaculum’ 
is absent. If this is true, V. capricola is unique in the 
Protostrongylinae and requires a new genus. I feel, 
rather, that he has not made out the true guber- 
nacular structure in his material (three males). He 
figures, but does not discuss in the text, a small, 
isolated ‘accessory piece’, but there is no indication 
as to whether this is to be attributed to the telamon 
or gubernacular complex. In the second paper, 
Sarwar (1948) identifies the host of his two species 
the ‘hill goat’, Capra sibirica (presumably C.s. as 
jfilippii Camerano). Although the issue of the journal 
containing the acceptable descriptions is for March, 
1947, it actually did not appear until 1948. Sarwar’s 
two species, if valid, are therefore correctly de- 
signated Protostrongylus indicus Sarwar, 1948, and 
Varestrongylus capricola Sarwar, 1948. 

(8) In recent papers I have emended trivial names 
proposed for certain metastrongylids by Soviet 
workers; in the original form these names, honouring 
Soviet women helminthologists, had been based on 
transliterations of the Russian genitive and thus 
contravened Article 14 of the International Rules 
of Zoological Nomenclature, which requires that 
‘,..If the [trivial] name is a modern patronymic, 
the genitive is always formed by adding, to the exact 
and complete name, . . .anaeif the person isa woman, 
even if the name has a Latin form...’. At the XIII 
International Congress of Zoology, held in Paris 
in, July, 1948, and attended by the author, it was 
decided that a trivial name formed as a patronymic 
from a name already ending in ‘-a’ need only have 
an ‘-e’ added when a woman is to be honoured. 
Although this fact has not yet been published, I wish 
to take this opportunity, and with great satisfaction, 
to emend the monstrosities ‘andreewaae’ (of 
Dougherty & Herman, 1947) and ‘oserskaiaae’ (of 
Dougherty, 19496) so that the species in question 
become Otostrongylus andreewae (Skriabin, 1933, 
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n.emend.) Schuurmans Stekhoven, 
Pharurus oserskaiae (Skriabin, 
Dougherty, 1949. 

(9) In 1946, Goble and I (Dougherty & Goble, 
1946), in synopsizing the subfamily Protostron- 
gylinae, listed as a tentative synonym of Protostron- 
gylus stilesi Dikmans, 1931, the name P. frosti 
Honess, 1942, used by Honess (1942) for certain 
specimens recovered from mountain sheep in 
Wyoming. In an accompanying note we made 
certain comments on this fact, and it was subse- 
quently drawn to our attention by Honess (in litt.) 
that our discussion was inaccurate in two particulars. 
First, according to Honess only one specimen (a male) 
of the worms actually studied by him was seen by 
Dr G. Dikmans, who declared that it apparently 
represented a new species; among other material 
collected by Honess, but not studied by him, 
Dikmans reported P. stilesi and P. rushi Dikmans, 
1937. The single male was returned to Honess and 
subsequently became type of P. frosti, now being in 
the helminthological collection of the U.S. National 
Museum as specimen no. 36,852. Honess, in studying 
over material retained by him and never sent to 
Dikmans, identified only P. frosti and P. rushi. Thus 
our statement ‘specimens referred to the Zoological 
Division of the U.S. Bureau of Animal Industry 
from Honess’ study were identified as P. rushi and 
P. stilesi although later reported as P. rushi and 


1935, and 
1942, n.emend.) 


P. frosti by Honess (1942)’ was inaccurate; this 
material was collected by, but, except for the 
single male, not actually studied by, Honess, 
From the foregoing facts it follows that a second 
statement made by us was incorrect: ‘It seems 
probable to us...that the odd male belongs 
to another species not described or reported by 
Honess.’ 

Unfortunately, however, the most important 
comment made by us, ‘in Honess’ description of 
P. frosti there is nothing to distinguish it clearly 
from P. stilesi’, is still true. It seems probable that, 
despite the fact that the name P. frosti can in all 
probability be validated on the basis of the type 
specimen, Honess confused P. stilesi with P. frosti. 
Otherwise it is difficult to understand why Dikmans 
found all three species—P. rushi, P. stilesi, and 
P. frosti—among specimens collected by Honess in 
Wyoming, whereas the latter reported only the first 
and last species in the material actually studied by 
himself. Honess’s description and figures (1942) do 
not permit a satisfactory understanding of P. frosti 
and in the absence of any further description by him 
and failure on the part of others to come into posses- 
sion of original material aside from the type speci- 
men, which unfortunately was mounted in balsam 
and cannot now be studied adequately without 
endangering it, the nature of P. frosti cannot at 
present be clarified. 
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FIVE NEW SPECIES OF MITES (ACARINA) 
PARASITIC ON BATS (CHIROPTERA) 


By CHARLES D. RADFORD, Membre Correspondant, Muséum 
National d’ Histoire Naturelle, Paris 


(With 14 Figures in the Text) 


INTRODUCTION 


From various parts of the world I have recently 
received a number of mites taken from bats, and the 
present paper gives descriptions and figures of five 
new species—one new species of the genus Ancy- 
stropus; two new species of the genus Spinturniz; 
one in the genus Hirstesia and the last in the genus 
Foliomyobia. 

Hirst (1921) described a new species of mite, taken 
from an undetermined species of bat collected at 
Lake Beslik, Salonika, to which he gave the name 
Liponyssus sternalis. Fonseca (1948) established 
the genus Hirstesia (with Liponyssus sternalis Hirst, 
1921 as the monotypic species) for those species of 
the family Macronyssidae having three pairs of 
sternal spines, and the two window-like ‘organs of 
unknown function’. In the genus Liponyssoides 
Fonseca, 1941, these peculiar organs are also found ; 
in Hirstesia, however, there are more than one pair 
of spines on the genital scutum; in Liponyssoides 
there is only the pair of genital spines. 

To the collectors of the various specimens herein 
described I wish to give thanks for the material sent 
in for identification. 


Genus Ancystropus Kolenati, 1856 
A. lavellanus n.sp. 


The male differs from A. jordani mihi in the 
sternal scutum being broader than long; the fourth 
pair of legs shorter than those of the former species. 
The female differs from A. jordani in the same 
manner. 

The male venter (Fig. 1) shows the sternal scutum 
to be somewhat flask-shaped, its basal half almost 
square, the genital pore being at the neck of the 
flask. On the sternal scutum there are the usual 
three pairs of spines. Level with the posterior edge 
of the scutum, at its postero-lateral corners is a pair 
ofspines. Five pairs of spines are placed between the 
sternal scutum and the posterior end of the body. 

Legs I short, stout, without any very stout spines; 
legs II and III not as stout; legs III longer; legs IV 
the longest. Chaetotaxy of legs as figured. Dorsum 
covered by a scutum with transverse ridges not 
unlike those on the dorsum of A. jordani. 


Parasitology 41 


The female venter (Fig. 2) shows the sternal 
scutum to be broadly pentagonal, its anterior 
margin slightly indented between the anterior pair 
of sternal spines. Genital scutum pear-shaped, 
lying between coxae IV and with only one pair of 
spines—the genital spines. A pair of small spines 
close to coxae III. Posterior to coxae IV there is a 
row of four pairs of spines down the middle of the 
body, flanked by four pairs of spines. 

Coxae I provided with a stout, blunt process on 
the postero-lateral margin and a more acute process 
on the internal margin. Coxae II with a stout, 
conical process on the posterior margin. Coxae III 
with a strong, convex process along the posterior 
margin. 

Anterior to the sternal scutum is the jugular 
scutum, shaped as figured. Legs I short, stout, with 
several stout spines on lateral edges; tarsus I with 
stout spurs similar to those in other species of the 
genus Ancystropus. Chaetotaxy of legs II, III and IV 
not conspicuous. Dorsal scutum covering most of 
dorsal surface, leaving a narrow strip of soft integu- 
ment round its perimeter. One pair of spines above 
coxae I, one pair between coxae I and IT; IT and IIT; 
and between III and IV. Peritreme sinuous, extend- 
ing from between III and IV to between coxae II 
and ITI. 

Female dorsum with transverse lines on its 
anterior part as in A. jordani mihi. One pair of 
medial spines lying between level of second and 
third ventral spines ; two pairs of spines lying further 
back on dorsum and wider apart than preceding pair. 

Host. A fruit bat (Pteropus lavellanus?). 

Locality. Vella Lavella, south-west Pacific. L. J. 
Dumbleton. 

Measurements. 4, 
0-47 mm. 

Holotype male and allotype female in British 
Museum. 


0-4x0-32mm.; 9, 0°:74~x 


Genus Spinturnix von Heyden, 1826 
S. artibiensis n.sp. 

The male venter (Fig. 3) shows the sternal scutum 
to possess five pairs of spines—the normal number 
of sternal spines being three. In the present species 
there is a pair of spines almost in the mid-line of the 
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Fig. 1. Ancystropus lavellanus n.sp. Venter of male, Fig. 2. A. lavellanus n.sp. Venter of female. 
Fig. 3. Spinturnix artibiensis n.sp. Venter of male. Fig. 4. S. artibiensis n.sp. Dorsal scutae of male. 


Fig. 5. S. pipistrellus n.sp. Venter of male. Fig. 6. S. pipistrellus n.sp. Dorsal scutum of male. 
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scutum. The anterior portion of the sternal scutum is 
heavily sclerotized; genital pore at anterior tip of 
scutum ; a pair of small spines lies close to posterior 
tip of scutum. Between coxae IV there is an anal 
scutum bearing four pairs of spines. Surrounding 
anal scutum there are two pairs of spines anteriorly 
and a pair of spines laterally, borne upon shields, 
slightly anterior to the terminal pair of anal spines. 
Chaetotaxy of the legs not conspicuous. Dorsum 
almost covered by the dorsal scutae (Fig. 4). 
Anterior dorsal scutum has two pairs of spines 
anteriorly and several pores; flanking it are three 
pairs of spines in lateral concavities; one pair of 
spines at postero-lateral corners. Posterior dorsal 
scutum broadly pear-shaped, with two anterior 
projecting cones or acetabulae, and bearing several 
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(Fig. 6) but with a number of pores. Dorsal spines 
are placed on the soft integument which surrounds 
the dorsal scutum. 

Host. A bat (Pipistrellus stampflii). 

Locality. Nijala, Sierra Leone. 18 July 1947. 
T. 8S. Jones. 

Measurements. 3, 0-44 x 0-32 mm. 


Genus Hirstesia Fonseca, 1948 
H. kenyaensis. n.sp. 

The male venter (Fig. 7) shows the shape of the 
anterior and posterior ventral scutae. On the 
anterior scutum there are five pairs of spines placed 
on the border of the scutum, flanking the genital 
pore. Posterior to the first, second and third pairs 
of sternal spines there are three pairs of pores. 





Fig. 7. Hirstesia kenyaensis n.sp. Venter of male. 


pairs of pores; a pair of spines close to the posterior 
tip of seutum. 

Host. A bat (Artibeus jamaicensis palmarum). 

Locality. St Augustine, Trinidad, British West 
Indies. 17 June 1945. T. S. Jones. 

Measurements. 3, 0-88 x 0-45 mm. 


Spinturnix pipistrellus n.sp. 

The male venter (Fig. 5) shows the genital scutum 
to possess only the three customary pairs of spines 
and two pairs of pores. Closely flanking the posterior 
end of secutum are two small shields and two pairs 
of spines. Lying between coxae IV are four pairs of 
pre-anal spines. Paired anal spines are visible at the 
posterior tip of anal scutum; the unpaired spine 
being visible from the dorsal aspect. Genital pore 
onanterior border of ventral scutum. Chaetotaxy 
of legs as figured. Dorsal scutum without spines 


Fig. 8. H. kenyaensis n.sp. Venter of female. 


Anterior edge of scutum with a concavity on each 
side of the genital pore; antero-lateral corners pro- 
jecting to gap between coxae I and IT; laterally with 
a projection towards gap between coxae II and III; 
and with a lateral concavity round coxae II; 
posterior edge of scutum level with middle of coxae 
IV. Posterior, or ventro-anal scutum lying posterior 
to coxae IV; bearing nine pairs of spines anterior to 
the anal pore. Paired anal spines level with middle 
of anal pore ; unpaired anal spine some distance from 
posterior end of the pore. Ventro-anal scutum 
flanked laterally by thirty-two spines. Chaetotaxy 
of legs as figured. On venter of femur I and IT there 
is a stout, peg-like spur; on anterior edge of coxae II 
there is a distinct tooth; posterior edge of coxae IV 
with a large tooth-like process. On tarsus I and II 
there is a stout spine on the posterior edge. 

The female venter (Fig. 8) shows the sternal 
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scutum to possess the pair of peculiar window-like 
pores lying between sternal spines I and II (Fig. 10), 
but differing from those of the genotype H. sternalis 
(Hirst, 1921). 





Fig. 9. H. kenyaensis n.sp. Dorsum of female. 
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Fig. 10. H. kenyaensis n.sp. Window-like pore, 
sternal scutum of female. 


H. kenyaensis differs from the genotype in the 
shape of the sternal, genital and dorsal scutae, and 
the presence in this species of the sharp tooth-like 
process on coxae IV; also the genital scutum bears 
only two pairs of spines whereas H. sternalis has 
four pairs of spines. 





Anterior edge of sternal scutum with a convex 
bulge between sternal spines I; antero-lateral 
corners projecting towards space between coxae | 
and IT; lateral edge with a concavity round coxae II; 








Fig. 11. Foliomyobia barnleyi n.sp. Dorsum of male. 
Fig. 12. F. barnleyi n.sp. Venter of male. 

Fig. 13. F. barnleyi n.sp. Dorsum of female. } 
Fig. 14 fF. barnleyi n.sp. Venter of female. 





posterior edge of scutum concaved. Genital scutum) 
broadly fan-shaped at its anterior end, bluntly 
rounded posteriorly. The pair of genital spines, long 
and stout, level with coxae IV; placed inside border 
of scutum ; genital scutum bearing an accessory pall 
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scutum broadly pear-shaped; paired anal spines 
pelow level of middle of anal pore; unpaired anal 
spine long, placed well back towards posterior end of 
scutum. Uncovered part of venter bearing thirty- 
five pairs of spines. 

Chaetotaxy of legs as figured. Two stout spines on 
femur I; anterior edge of coxae II with a distinct 
tooth; posterior edge of coxae IV with a sharp tooth- 
like process. 

Dorsum of female (Fig. 9) shows the shape of the 
scutum which leaves a wide, uncovered area of soft 
integument round its perimeter. The spines of the 
scutum are small, except those on posterior tip 
of the scutum. A small, bar-like area in the centre 
of the secutum is more heavily sclerotized and bears 
a pair of spines. Uncovered area of dorsum bears 
twenty-one pairs of stout spines. 

Host. A bat. 

Locality. Ngong, Kenya. August 1948. G. 
Someren. 

Measurements. 3, 0-37x0-26mm.; 92, 
0-31 mm. 


C. van 


0-45 x 


Genus Foliomyobia Radford, 1948 
PF, barnleyi n.sp. 

The male dorsum (Fig. 11) shows lateral spines I 
lying between coxae II and III, broadly rounded at 
base, extending posteriorly beyond base of lateral 
spines II; lateral spines II placed posterior to 
coxae IT, broad at base, long, slender, extending to 
midway between coxae ITI and IV; lateral spine ITI 
level with middle of coxae IV, broad at base, long, 
slender, extending beyond coxae IV. Medial spines I 
small, lying between lateral spines I; medial spines 
II lying between lateral spines II. Medial spines IIT 
broad, flanking genital pore; medial spines IV 
posterior to level of lateral spines III, broad at base, 
longer than preceding pair. Anterior to terminal 
bristles there are three pairs of stout spines in the 
middle of the body. Lateral spines striated longitu- 
dinally. Genital pore with a pair of small spines 
anteriorly and four stout spines posteriorly. Penis 
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long, whip-like, extending from coxae ITI, reaching 
forward to coxae II where it turns backwards to its 
base. 

Venter of male (Fig. 12) shows three pairs of spines 
anterior to coxae IT; three pairs of spines posterior to 
coxae II, the third pair being the longest; a pair of 
long spines posterior to coxae IIT; two pairs of spines 
posterior to coxae IV, one pair being longer than the 
pair posterior to coxae ITI. Tarsus II with two short, 
stout claws; tarsus III and IV each with one long 
claw. 

Dorsum of female (Fig. 13) shows lateral spines I 
broad at base, placed level with anterior edge of 
coxae II; lateral spines IT placed between coxae II 
and ITI; lateral spines III behind posterior edge of 
coxae ITI. Lateral spines IV placed near lateral 
edge of body between coxae IV and terminal 
bristles. Medial spines I slightly anterior to lateral 
spines I, small, simple; medial spines IT broad, leaf- 
shaped, level with lateral spines IT; medial spines ITI 
level with middle of coxae III; medial spines IV 
midway between coxae ITI and IV; medial spines V 
level with middle of coxae IV ; medial spines VI and 
VII midway between coxae IV and posterior end of 
body ; medial spines VIII long, simple, lying between 
medial spines VII and end of body. Genital pore 
flanked by four pairs of small spines, and a pair of 
stout spines. 

Venter of female (Fig. 14) shows four pairs of 
small spines anterior to coxae II; four pairs of spines, 
one of which is long, are borne between coxae II and 
III; a pair of long spines posterior to coxae III; a 
pair of long spines posterior to coxae IV with a pair 
of accessory spines near their base. Between the 
terminal bristles there is a pair of spines and two 
pairs of spines flank the anus. Tarsus II with two 
short, stout claws; tarsus III and IV each with one 
long claw. 

Host. A bat. 

Locality. Kampala, Uganda. 1948. G. R. Barnley. 

Measurements. 3, 0-28x0-13mm.; 92, 0-41 x 
0-15 mm. 
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TWO NEW GENERA OF PARASITIC MITES (ACARINA: 
LAELAPTIDAE AND LISTROPHORIDAE) 


By CHARLES D. RADFORD, Membre Correspondant, Muséum 
National d’ Histoire Naturelle, Paris 


(With 3 Figures in the Text) 


INTRODUCTION 


Under the research programme of the U.S. Public 
Health Service, Communicable Disease Centre 
Activities, the parasitic fauna of rodents and in- 
sectivores of the United States are coming into the 
laboratories in great numbers, and it has been my 
good fortune to have had the opportunity to examine 
a fair number of the parasitic mites collected from a 
diversity of hosts. 

With a batch of one hundred and eighty slides and 
many tubes of mites collected in Georgia I found the 
majority of the fur mites to be Listrophorus gibbus 
Pagenstecher or L. bakeri mihi. 

There was, however, a tube with anestimated count 
of 7116 mites, taken from the fur of a carnivore (Lynx 
rufus floridanus). This in itself is of outstanding in- 
terest for this is the first record of the Listrophoridae 
having been taken on a carnivore. The mites cannot 
at present be placed in any of the genera comprising 
the family Listrophoridae, differing from all other 
genera by the enormously expanded posterior legs 
in the male. The new genus Lynxacarus is established 
for the monotypic species L. morlani which is named 
in honour of the collector Harvey B. Morlan, C.D.C. 
Activities, Thomasville, Georgia, U.S.A. 

Jellison (1945), reporting upon the mites collected 
on the mountain beaver, Aplodontia rufa, and to 
which he gave the name Laelaps aplodontiae, states: 
‘This species is placed provisionally in the genus 
Laelaps although it does not have the characters of 
this genus in the restricted sense in which Laelaps is 
defined to-day. Particularly the ventral plate of the 
female differs from that of Laelaps s.s., in having six 
pairs of spike-like setae instead of four and in its 
elongate shape.’ 

Through the co-operation of Dr E. W. Jameson, 
Forest and Range Experimental Station, Quincey, 
California, U.S.A., I have been able to obtain two 
males and two females of this species, and am in- 
formed that Dr Jellison is not contemplating the 
redescription of the species but acknowledges that 
it fits uncomfortably into the genus Laelaps. 

As there is at present no genus in the family 
Laelaptidae into which this species could be more 
appropriately placed it becomes necessary to 





establish a new genus. As the name Jellisonia has 
already been used by Traub for a genus of siphonap. 
tera, I propose to establish the genus Alphalaelaps 
with Laelaps aplodontiae Jellison, 1945, as the 
genotype. 

Alphalaelaps n.g. 

Males. Having ventral surface covered largely 
by two scutae, i.e. a sterno-genito-ventral scutum 
and an analscutum. Upon the anterior scutum there 
are three pairs of sternal spines; a pair of endopodal 
spines ; three pairs of pores and the genital pores on 
the anterior edge of the scutum. On the posterior 
portion of the scutum there are five pairs of spines in 
addition to the genital spines; the four lateral pairs 
of these spines being long. The anal scutum is as 
figured, the anal pore lying in the posterior half of 
the scutum. Ten pairs of spines on uncovered area 
of body flanking the posterior end of ventral scutum 
and anal scutum. 

Female. Sternal scutum oblong, wider than long; 
with three pairs of sternal spines. Genito-ventral 
scutum elongated, sac-like; bearing the customary 
pair of genital spines, about half-way down the 
length of scutum; on posterior half of seutum there 
are five pairs of additional spines. Lying between 
genito-ventral and anal scutum there is a sclerotized 
area (as figured) flanked by twelve pairs of spines 
on soft integument of venter. Anal scutum an 
inverted dome; anal pore large. Chelicerae of female 
without teeth. 

Genotype: Laelaps aplodontiae Jellison, 1945. 


Alphalaelaps aplodontiae (Jellison, 1945) 

Male. Sterno-genito-ventral scutum (Fig. 1), 
covering most of ventral surface, bearing ten pairs 
of spines and three pairs of pores. Genital pore 
placed on a medial projection from the anterior edge 
of scutum. Sternal spines I, II and ITI long, stout; 








endopodal spines similar; genital spines placed at | 


constriction of scutum; a medial pair of spines on 
posterior half of scutum; four pairs of long, stout 
spines on postero-lateral border. Sterno-genito- 


ventral scutum with heavy sclerotized border to | 


anterior portion of scutum and longitudinal stria- 
tions. Anal scutum enlarged, elongated triangle 
with rounded angles. Anal pore lying in posterior 
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half of scutum paired anal spines about midway 
down anal pore; unpaired anal spine close to pos- 
terior tip of pore. Soft integument of venter flanking 
ventral scutae with ten pairs of long spines, the three 
pairs near posterior end of body longer. 

Female. Sternal scutum (Fig. 2) wider than long, 
antero-lateral corners rounded; posterior edge of 
scutum deeply concaved. First pair of sternal spines 
placed in advance of scutum, distal tips of spines 
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anal scutum there is a sclerotized area as figured, 
flanked by twelve pairs of spines on the soft integu- 
ment. Anal scutum wider than long; anal pore 
large ; paired anal spines well below level of middle of 
pore; unpaired anal spine close to posterior tip of 
pore. Chelicerae without teeth. The large spines on 
dorsal surface of third segment of legs I present as in 
other genera of the Laelaptidae. 
Host. Mountain beaver (A plodontia rufa). 





Fig. 1. Alphalaelaps aplodontiae (Jellison, 1945). Venter of male. 
Fig. 2. Alphalaelaps aplodontiae (Jellison, 1945). Venter of female. 


almost reaching posterior edge of scutum. Second 
pair of sternal spines placed well inside lateral edge 
of scutum ; third pair of sternal spines some distance 
from postero-lateral angle of scutum. Genito- 
ventral scutum elongated, sac-like, with scale-like 
striations. Half-way down scutum there are the 
genital spines; half-way between the genital spines 
and posterior tip of scutum there is a pair of small 
spines equidistant from one another and lateral edge 
of scutum; posterior to these there are four pairs of 
long, stout spines. Between the genito-ventral and 


Locality. Yaguina, Lincoln Co., Oregon. 9 May 
1938. C. A. Hubbard. 

Measurements. 3, 0-79x0-51 mm.; 2, 0°98 x 
0-62 mm. 

The above description is based upon the specimens 
in the author’s private collection and checked against 
Jellison’s paper. 


Lynxacarus n.g. 


Anterior half of body similar to the species of the 
genus Listrophorus, having the hood-like clasping 
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mechanism round the capitulum. The outstanding 
characteristic of this genus is the enormously ex- 
panded posterior two pairs of legs. Females closely 
similar to otherspecies of Listrophoruss.s.; body elon- 
gated, almost cylindrical, with hooded capitulum. 
Genotype. Lynzacarus morlani n.g., n.sp. 


Lynxacarus morlani n.sp. 

Male. Body elongate; sides parallel; anterior half 
of body as in species of the genus Listrophorus. 
Anterior legs not modified for clasping hairs of host. 

Posterior pairs of legs (III and IV) broadly 
expanded, with heavily sclerotized borders (Fig. 3). 
Legs III with three pairs of spines and a tarsal 
sucker; legs IV similar in the main details, but with 
two pairs of spines and a sucker. Three pairs of 
spines are borne on the sclerotized areas lying 
anterior to legs III. The penis is borne between a 
sclerotized area shaped as a tuning fork, with a pair 
of spines close to its anterior tip and another pair 
of spines flanking the base between coxae’ IV. 
Paired genital suckers posterior to penis with a pair 
of spines placed anterior to them. Two pairs of 
spines anterior to the anus and a pair of long spines 
flanking the posterior concavity between the pair of 
long, terminal bristles. Dorsal scutum covering 
anterior half of body; posterior half of body un- 
covered. 

Host. A lynx (Lynx rufus floridanus). 

Locality. Thomas Co., Georgia, U.S.A. 24 
September 1947. Harvey B. Morlan. 

Measurements. 3, 0-45 x 0-17 mm. 





Fig. 3. Lynxacarus morlani n.g., n.sp. Venter 
of male, legs III and IV. 
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I. INTRODUCTION 


It has been shown that Plasmodium gallinaceum, 
maintained in chicks, can be made resistant to 
paludrine (proguanil, chlorguanide) by prolonged 
treatment with that drug in gradually increasing 
doses (Bishop & Birkett, 1947, 1948; Williamson, 
Bertram & Lourie, 1947; and Williamson & Lourie, 
1947). Strains resistant to sulphadiazine can like- 
wise be produced by treatment with sulphadiazine, 
and such strains have been found to be resistant also 
to paludrine (Bishop & McConnachie, 1948). More- 
over, it has been shown that in strains treated with 
sulphadiazine resistance to paludrine may develop 
before resistance to sulphadiazine can be detected 
(Bishop & McConnachie, 1949a). Sulphadiazine is 
not alone amongst sulphonamides in producing 
resistance to paludrine in P. gallinaceum; sulphani- 
lamide, the simplest of these compounds in chemical 
structure, also produces resistance to paludrine, and 
this resistance may develop before resistance to 
sulphanilamide is well established (Bishop & McCon- 
nachie, 19496). As cross-resistance between sulpha- 
diazine and sulphathiazole, sulphapyridine and 
sulphanilamide, and between sulphanilamide and 
sulphadiazine, sulphathiazole and sulphapyridine 
occurs in P. gallinaceum, it seems permissible to 
conclude that any of these compounds can produce 
resistance to paludrine. 

The mechanism by which resistance to paludrine 
is produced by these sulphonamides is obscure. That 
itisnot due to astraightforward similarity of mode of 
action of the two drugs is shown by experiments with 
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p-aminobenzoic acid. p-Aminobenzoic acid (p-A.B.) 
was found by Maier & Riley (1942) to inhibit the 
action of sulphanilamide, sulphathiazole and sulpha- 
diazine upon P. gallinaceum in chicks, and Marshall, 
Litchfield & White (1942) obtained similar results 
with sulphaguanidine. p-A.B. has, however, no in- 
hibitive effect upon the antimalarial action of palu- 
drine (Bishop & McConnachie, 1948, 1949a); but 
our experiments have shown that resistance to 
paludrine is produced more rapidly and efficiently 
by sulphadiazine than by paludrine itself. One 
possibility suggested itself to us: that the sulphona- 
mides might produce some effect upon the malaria 
parasite in addition to that which is antagonized by 
p-A.B., and this additional action might render the 
parasites resistant to paludrine. As p-A.B. has been 
shown to reverse the inhibtory action of sulphona- 
mides upon P. gallinaceum, it is obvious that this 
additional effect, if it should be proved to occur, 
could not be directly inhibitive of growth. To test 
this suggestion a strain of P. gallinaceum in chicks 
was treated with sulphadiazine in doses having the 
maximum inhibitory action upon the parasites, and 
concurrently with doses of p-A.B. which produced 
the maximum antagonistic effect upon the sulphona- 
mide. Our assumption was that if sulphadiazine had 
an action upon the malaria parasite in addition to 
that antagonized by p-A.B., and if this effect was 
responsible for the development of resistance to 
paludrine, then in a strain treated in the manner 
described above, resistance to paludrine should 


appear. 
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II. METHOD 


The strain of P. gallinaceum used in these experi- 
ments was a substrain of the normal untreated 
parent strain from which all our drug-resistant 
strains have been derived. This parent strain has 
been maintained during the last three years by intra- 
venous passage of heparinized blood at intervals 
of 2-3 days through normal chicks 45-65 g. in 
weight. 

During its period of treatment with sulphadiazine 
and p-A.B. the substrain was tested three times for 
resistance to paludrine and sulphadiazine. In each 
of the first two tests thirteen chicks were inoculated 
intravenously with equal quantities of citrated blood 
from a bird infected with the sulphadiazine-p-A.B. 
strain; three of the birds were given no drug and 
served as controls, five birds were treated with the 
minimum effective dose of paludrine (0-1 mg./20 g. 
of body weight of bird)* and a similar number was 
treated with the minimum effective dose of sulpha- 
diazine (1-25 mg.). An equal number of birds was 
inoculated with the normal parent strain and treated 
similarly to the groups inoculated with the sulpha- 
diazine-p-A.B. strain. The drugs were given twice 
daily, for 34 days, the first dose being given 
immediately before inoculation. The intensity of 
infection produced in the drugged birds by the 
sulphadiazine-p-A.B., and the normal strains was 
compared by inspection on the fourth day following 
inoculation. 

Finally, before the sulphadiazine-p-A.B. strain 
was discontinued, it was tested by the method 
adopted previously (Bishop & McConnachie, 19496). 
This method differed from that described above only 
in its greater precision; the inoculum given to each 
bird was approximately 50 million parasites, and the 
intensity of infection was assessed, on the fourth day 
following inoculation, as the number of infected 
corpuscles per 500 corpuscles. The average number 
of infected corpuscles per 500 corpuscles was de- 
termined for each group of five birds. 


Ill, THE EFFECT OF PROLONGED TREAT- 
MENT WITH SULPHADIAZINE AND 
p-AMINOBENZOIC ACID UPON A STRAIN 
OF PLASMODIUM GALLINACEUM 


It has been shown that doses of sulphadiazine as 
small as 1-25 mg., when given twice daily for a period 
of 33 days beginning with the day of inoculation, to 
birds infected with P. gallinacewm, reduce the in- 
tensity of infection to a very low level, though doses 


* Throughout this paper doses of drug are expressed in 
mg./20 g. of body weight of bird. The drugs were given 
orally by catheter tube into the stomach. 








Resistance to paludrine produced by sulphonamides 


as great as 5-20 mg. do not sterilize birds of their | 


infections (Bishop & McConnachie, 1949a). Before 
beginning to treat a strain of P. gallinacewm with 
sulphadiazine and p-A.B. it was necessary to know 
the amount of p-A.B. which would antagonize an 
effective dose of sulphadiazine. 

A batch of birds, inoculated intravenously with 
50 million parasites of the parent strain per bird, was 
divided into six groups each of five birds; one group 
was treated with 5 mg. doses of sulphadiazine per 
bird and two other groups were treated in one case 
with 0-5 mg. doses and in the other with 0-05 mg. 
doses of p-A.B. per bird; two other groups were 
treated with 5 mg. doses of sulphadiazine, one also 
receiving 0:5 mg. doses of p-A.B. and the other 
0-05 mg. doses of this compound; a sixth group 
received no drug and served as controls. The doses 
were given orally, twice daily for 34 days, beginning 
with the day of inoculation, the sulphadiazine being 
given immediately after the p-A.B. The intensity of 
the infections produced in the groups of birds was 
compared on the fourth day following inoculation. 
5 mg. doses of sulphadiazine inhibited the growth of 
the parasites almost completely, whereas 0-5 or 0-05 
mg. doses of p-A.B. were without effect (Table 1, 


Table 1. The effect of sulphadiazine and p-amino- 
benzoic acid upon a normal strain of Plasmodium 
gallinaceum 


Intensity 

Dose in of infection 

mg./20 g. of §—=— —-~——— 

Drug* body weight Exp.A Exp.B 
Controls — 260 375 
Sulphadiazine 5 1 — 
2-5 — 18 
p-A.B. 2-5 — 306 
0-5 280 — 
0-25 -— 334 
0-05 335 — 
0-025 a 297 
Sulphadiazine 5 +05 315 —_ 
+p-A.B. 5 +0-05 63 _ 
2-5 + 2-5 - 318 
2-54 0-25 — 336 
2-5+ 0-025 -— 96 


* p-A.B.=p-aminobenzoic acid. 

The intensity of infection is expressed as the number of 
parasitized erythrocytes per 500 erythrocytes. Each 
figure expresses the average intensity of infection in 
a group of five birds. 


Exp. A). In birds receiving 5 mg. doses of sulpha- 
diazine and 0-5 mg. of p-A.B. the antimalarial action 
of the sulphadiazine was apparently completely 
inhibited and the infections produced did not differ 
significantly in intensity from those of the controls 
but in birds which received 5 mg. doses of sulpha- 
diazine and 0-05 mg. of p-A.B. only slight infections 
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f their were produced. In a further experiment (Table 1, It has been shown that resistance to paludrine 
Before | Exp. B) in which doses of 2-5 mg. of sulphadiazine develops relatively rapidly when strains of P. gal- 
2 with and p-A.B. (2.5, 0-25 or 0-025 mg.) were given, either Jlinaceum are treated with sulphadiazine (Bishop & 
know alone or together, similar results were obtained. The McConnachie, 1949a). Thus, in a strain treated with 
ize an 2-5 and 0-25 mg. doses of p-A.B. inhibited the anti- 5 mg. doses of sulphadiazine twice daily resistance to 
malarial action of the sulphadiazine completely, paludrine was present when the strain was first 
y with whereas the 0-025 mg. doses had only a partial tested 79 days after the beginning of treatment. In 


d, was effect. From these experiments it would appearthat, another strain resistance to paludrine was found to 
group in infections of P. gallinaceum in chicks, the anti- be complete when a strain which had been receiving 
ne per malarial action of sulphadiazine is completely in- twice daily doses of 0-625 mg. of sulphadiazine for 


e Case hibited by 76th the amount of p-A.B., but only 49 days was tested for resistance. In a third strain 
5 mg. partially by y}oth. The amount of p-A.B.requiredto a high degree of resistance to paludrine was found 


3 were antagonize a given dose of sulphonamide appears to after only 17 days’ treatment with 0-625 mg. of 
16 also vary amongst strains of P. gallinaceum,asGreenberg sulphadiazine twice daily. In this strain resistance 
other (19496) has recently found that in this species of to paludrine appeared after treatment with a total 
group malaria one part of p-A.B. will antagonize 150 parts of only 14mg. of sulphadiazine. In our experiments 
) doses of sulphadiazine. with sulphadiazine and p-A.B. the strain was 
inning The dosage which we decided uponinourattempts exposed to a total dosage of 475 mg. of sulphadiazine 
» being to produce a paludrine-resistant strain of P.gallina- (Table 2). The duration of treatment with sulpha- 
sity of ceum by combined treatment with sulphadiazine and diazine and p-A.B., and the amount of sulphadiazine 
1s was 
lation. 


Table 2. The effect of sulphadiazine and paludrine upon a strain of Plasmodium gallinaceum which 





we has undergone treatment with sulphadiazine and p-aminobenzoic acid for a period of 10 weeks 
‘ble ‘ No. of Intensity of infection 
passages r — ‘ 
: through Daily Total Daily Total Sulpha- 
wens treated dosage dosage dosage dosage Paludrine diazine 
odium Strain birds of 8.D.* of S.D. of p-A.B. of p-A.B. Controls 0-1* 1-25* 
8.D.+p-A.B. 15 5 475 0-5 47-5 377 0 2 
ty Normal 385 l 5 
ion S.D. =sulphadiazine. p-A.B. = p-aminobenzoic acid. 
—s 
xp. B * Dosage is given in mg./20 g. of body weight. 
375 The intensity of infection is expressed as the number of parasitized erythrocytes per 500 erythrocytes. Each figure 
oe expresses the average intensity of infection in a group of 5 birds. 
18 
306 p-A.B. was 5 mg. of sulphadiazine and 0-5 mg. of given were, therefore, ample to produce resistance 
334 p-A.B. Shortly before the parent strain was sub- to paludrine if this were due to some action of sulpha- 
pi mitted to this treatment, its sensitivity to sulpha- diazinenot antagonized by p-A.B. As this treatment 
297 diazine and paludrine was tested and found to be did not produce resistance to paludrine it must be 
a normal. assumed that, in P. gallinaceum, the mechanism by 
a Throughout the period ofdrugtreatmentthestrain whichresistance to paludrine is produced by sulphon- 
318 was maintained in a patent state in chicks 45-65 g. amides can be antagonized by p-A.B. 
336 in weight. It was transmitted by intravenous in- 
96 jection every 3-5 days, the size of the inoculum IV. DISCUSSION 


(0:1-0-2 ¢.c. of heparinized blood) being sufficient to 

nberof | Produceaheavy infection inthe bloodoftherecipient In approaching the problem of the mode of action of 
. Each | Within 48 hr. The drugs were given twice daily fora paludrine from an aspect different from that of 
tion in period of 10 weeks, during which the strain was acquired resistance to drugs, Greenberg, Boyd & 
passaged 15 times (Table 2). No change in the Josephson (1948) have shown that sulphadiazine and 
appearance of the parasites or in the growth rate of  paludrine potentiate each other in their antimalarial 
ulpha- | the strain was observed. Tests for resistance to the action upon P. gallinacewm. Moreover, Greenberg 
action | Minimum effective dose of paludrine (0-1 mg.) and (19496) has recently shown that whereas quinine, 
pletely | sulphadiazine (1-25 mg.) were made after the strain chloroquine, pamaquin and mepacrine do not 
; differ | had been exposed to the drugs for 24and 39days,and potentiate the action of paludrine, compounds in- 
ntrols afinal test (Table 2) was made at the end of 10 weeks’ hibited by p-A.B. are able to do so provided that they 
ulpha- | treatment. No resistance to paludrine or to sulpha- have some degree of antimalarial action. Of parti- 
xctions | diazine was observed in these tests. cular interest is his finding that sulphanilamide 
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potentiates paludrine to the same extent as sulpha- 
diazine. We have found (Bishop & McConnachie, 
19496) that sulphanilamide produces a high degree 
of resistance to paludrine in P. gallinaceum, although 
its antimalarial activity is slight as compared with 
that of sulphadiazine and paludrine itself. Green- 
berg believes that the amount of a substance required 
to potentiate paludrine is not related to its anti- 
malarial activity, but to the p-A.B.-inhibiting 
activity of the compound. 

Of antimalarial drugs other than sulphonamides 
and paludrine, only two, quinine and pamaquin, 
have been proved, up to the present, to be capable 
of producing resistant strains of malarial parasites. 
With quinine, Knoppers (1947) obtained a twofold 
increase in resistance to that drug in a strain of 
P. gallinaceum, but he found no change in its sensi- 
tivity to paludrine. Bishop & Birkett (1948) pro- 
duced a slight increase in resistance to pamaquin in 
the same species of avian malaria as a result of pro- 
longed treatment with that drug; resistance has 
since increased to four times that of the normal strain 
as a result of continued treatment. The sensitivity of 
the strain to paludrine has, however, remained 
unchanged. 

Attempts to obtain resistance to mepacrine in 
strains of P. gallinaceum have been made by several 
workers, but all have failed. Thus Bishop & Birkett 
(1947) treated a strain of P. gallinaceum with mepa- 
crine for more than 6 months, but no resistance to 
that drug developed. As it was assumed that the 
reaction of the strain to other drugs would likewise 
be unchanged, its sensitivity to paludrine was not 
tested. Schmidt, Genther, Fradkin & Squires (1949) 
attempted to produce resistance to chloroquine in 
P. cynomolgi, but without success. 

Sulphadiazine and sulphanilamide have been 
shown to potentiate the action of paludrine upon 
P. gallinaceum and, when given over a relatively 
short period of time, induce resistance to this drug. 
Quinine and pamaquin, though they produce strains 
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of P. gallinaceum resistant to their own action, do not 
produce resistance to paludrine, nor do they, ac- 
cording to Greenberg, potentiate its action. These 
observations suggest that the ability to potentiate 
the action of paludrine and to produce resistance to 
this drug may be related. 

Although p-A.B. has been proved to have no in- 
hibitory effect upon the antimalarial action of palu- 
drine (Bishop & McConnachie, 1948), Greenberg 
(1949a) has shown that pteroylglutamic acid, which 
inhibits the action of sulphadiazine completely, has 
a significant but not completely inhibitory effect 
upon that of paludrine. He (19496) suggests that 
paludrine may interfere with the utilization of 
pteroylglutamic acid rather than with its syn- 
thesis. 

The failure to produce paludrine resistance in a 
strain of P. gallinaceum treated with sulphadiazine 
in the presence of inhibitory doses of p-A.B. proves 
that the development of paludrine resistance, in 
strains treated with sulphonamides, is due to some 
action of these drugs which can be inhibited by 
p-A.B. Our results lend support to the suggestion 
that the mode of action of paludrine and the p-A.B.- 
inhibiting sulphonamides are related. 


SUMMARY 


A strain of Plasmodium gallinaceum has been treated 
for 10 weeks with sulphadiazine (5 mg./20 g.) in the 
presence of p-aminobenzoic acid in doses (0-5 mg./ 
20 g.) inhibiting the sulphadiazine. No resistance to 
paludrine or to sulphadiazine has developed. 


The work has been financed by the Medical 
Research Council. 

We are indebted to Imperial Chemical (Pharma- 
ceuticals) Ltd. for the gift of the paludrine. 

We wish to thank Miss Pauline Rush for technical 
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I. INTRODUCTION 


In recent years several workers have obtained drug- 
resistant strains of Plasmodium gallinaceum by 
treating blood infections of this parasite with anti- 
malarial drugs. Resistance to paludrine (proguanil, 
chlorguanide) appears to arise very readily (Bishop 
& Birkett, 1947, 1948; Williamson, Bertram & 
Lourie, 1947; Williamson & Lourie, 1947), and 
Knoppers (1947) has also been successful in produc- 
ing a twofold increase in resistance to quinine, 
while strains resistant to sulphadiazine, sulphanil- 
amide and pamaquin (plasmoquine) have been ob- 
tained by Bishop and her collaborators (Bishop & 
Birkett, 1947, 1948; Bishop & McConnachie, 1948, 
1950a, 1950b). These resistant strains have all been 
obtained by treating acute infections with the drug 
concerned. Rollo, Williamson & Lourie (1948) failed 
to obtain resistance to paludrine when latent infec- 
tions of P. gallinaceum, in which the majority of para- 
sites present are exo-erythrocytic, were treated with 
paludrine for one year, while Bishop & McConnachie 
(1950a), in preliminary experiments, were unable to 
produce strains of P. gallinaceum resistant to sulpha- 
diazine or paludrine, by treating latent infections 
with sulphadiazine, although in acute infections 
resistance to paludrine is induced more readily by 
sulphadiazine than by paludrine itself. Fulton 
(1942), after an unsuccessful attempt to obtain a 
plasmoquine-resistant strain of P. gallinaceum, 
suggested that the presence of insusceptible exo- 
erythrocytic parasites may account for his failure to 
induce resistance, and Bishop & Birkett (1948), in 
producing their resistant strains, did so under condi- 
tions in which the development of exo-erythrocytic 
forms was reduced to a minimum. 

In malarious countries antimalarial drugs are used 
extensively by people already infected with the 


disease, in order to prevent the development of acute 
attacks. It is therefore important that the relation- 
ship of drug-resistance to latent infections and the 
exo-erythrocytic cycle of malaria parasites should be 
investigated. The present account describes the 
result of prolonged treatment of latent infections of 
P. gallinaceum with large amounts of sulphadiazine. 
Sulphadiazine was chosen for this investigation, as it 
has been shown that comparatively small amounts 
of this drug used against acute blood infections of 
P. gallinaceum produce resistance to paludrine and 
later to sulphadiazine itself (Bishop & McConnachie, 
1950a). Although hitherto paludrine-resistance has 
not been obtained by treating latent infections with 
that drug, it seemed possible that sulphadiazine, 
which produces paludrine-resistance more readily 
than paludrine itself (Bishop & McConnachie, 
1950a), might also be effective in producing such 
resistance in latent infections. 

In order that this investigation should not be 
limited to one species of avian malaria, the effect 
of prolonged drug treatment upon a strain of 
P. relictum was also studied. No well-substantiated 
cases of drug-resistance have been reported in 
P. relictum, although the Sergents (1921la, 19216), 
working upon this species in canaries, describe 
resistance to quinine which disappeared after three 
passages, and Kritschewski & Rubinstein (1932) also 
claim to have produced resistance to quinine in 
P.relictum. Lourie (1935), after prolonged treatment 
of P. cathemerium with quinine and plasmoquine 
(pamaquin), was unable to demonstrate any dimi- 
nution in sensitivity to these drugs. The drugs used 
by these workers, however, have not been found to 
produce a high degree of resistance in P. gallinaceum. 
Paludrine, on the other hand, has been shown to 
produce resistance relatively rapidly, not only in 
P. gallinaceum but also in P. lophurae (Thompson, 
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1948) and in P. cynomolgi (Hawking & Perry, 1948; 
Schmidt, Genther, Fradkin & Squires, 1949), and 
more slowly in P. vivax (Seaton & Lourie, 1949) and 
P. falciparum (Seaton & Adams, 1949). Paludrine is 
highly active against P. relictum, unlike sulpha- 
diazine which has no action on this species, and its 
effect upon latent infections of this species of malaria 
was consequently of interest. 


ll. THE EFFECT OF PROLONGED TREAT- 
MENT WITH SULPHADIAZINE ON LATENT 
INFECTIONS OF PLASMODIUM GALLI- 
NACEUM 


A chick weighing 56 g. was infected by intravenous 
injection with a strain of P. gallinaceum which had 
recently been shown to have a normal sensitivity to 
sulphadiazine and paludrine. Drug treatment was 
begun after the bird had recovered from its acute 
infection, when parasites could no longer be found in 
the blood; at first, doses of 10 mg. of sulphadiazine 
were given twice daily, but after a short time the 
dosage was increased to 20 mg.* Throughout the 
period of drug treatment, blood films were examined 
several times a week and parasites were never found. 
In order to reduce the possibility of habituation of 
the host to the drug, an attempt was made after 
65 days’ treatment to transmit the strain to a new 
bird, and 1-0c.c. of heparinized blood from the 
treated bird was inoculated intravenously into each 
of six chicks (45-60 g.). Blood films from these birds 
were examined for 18 days after inoculation, but 
parasites never appeared, and it was presumed that 
under the conditions of drug treatment the number 
of exo-erythrocytic parasites in the donor bird was 
sosmall, and their reproduction inhibited to such an 
extent, that the number of parasites entering the 
erythrocytes and circulating in the peripheral blood 
was too small to render the blood infective to the 
recipients. Meanwhile, treatment with 20 mg. doses 
of sulphadiazine was continued for a further 28 days 
and then stopped. After 7 days free from drug treat- 
ment, during which it was hoped that the fall in con- 
centration of drug in the blood would allow the 
parasites to become sufficiently numerous to make 
passage of the strain possible, 1-0 c.c. of heparinized 
blood was inoculated intravenously into each of six 
new chicks. Parasites appeared in the blood of all 
these birds by the seventh day after inoculation, but 
the infections produced were so heavy that all the 
birds died. The strain was passaged from these birds 
into more untreated chicks, and finally, after it had 

* Throughout this paper doses are expressed in 
mg./20g. of body weight of bird. Powdered sulpha- 
diazine was made up in a 2% solution of gum acacia, 
and given orally by catheter tube. Unless otherwise 
stated, drugs were given twice daily, except Sunday 
when no drug was given, and Saturday when only one 
dose was given. 
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been passaged in the absence of drug for approxi- 
mately 8 weeks, chronic infections were obtained in 
three birds. When parasites could no longer be found 
in the peripheral blood of these three birds, they 
were treated with 20 mg. doses of sulphadiazine for 
periods of 30 (strain A), 78 (strain B) and 85 (strain C) 
days. After 30 days’ treatment strain A was trans- 
mitted to a new host which, on developing a latent 
infection, was treated with 20 mg. doses of sulpha- 
diazine for a further 67 days. Blood films were again 
examined regularly throughout the treatments and 
parasites were found only once, in one bird. 

Several days after ceasing drug treatment, 0-5- 
1-0 c.c. of heparinized blood from each of the treated 
birds was inoculated into clean birds ; when parasites 
appeared in the peripheral blood the sulphadiazine- 
treated strains were tested for resistance to sulpha- 
diazine and paludrine by the method described by 
Bishop & Birkett (1948). Groups of 4-5 chicks 
(45-60 g.) were inoculated intravenously with 
approximately 50,000,000 parasites of the sulpha- 
diazine-treated strain per chick. One group was 
treated with the minimum effective dose of paludrine 
(0-1 mg.), another with the minimum effective dose 
of sulphadiazine (1-25 mg.), while a third remained 
untreated, as controls. One dose of drug was given 
immediately before inoculation and two doses on 
each of the following 3 days. The intensity of in- 
fection produced in each group of chicks was de- 
termined on the fourth day after inoculation, and 
compared with the infections produced in similarly 
treated groups of chicks inoculated with 50,000,000 
parasites of the normal parent strain per chick. This 
normal strain had not been maintained in the latent 
state, but had been passaged intravenously through 
untreated chicks at intervals of 2-3 days. As shown 
in Table 1, the sulphadiazine-treated strain had 
acquired no resistance to either paludrine or sulpha- 
diazine. 

Although the doses of sulphadiazine used in 
treating the latently infected chickens were so large 
as compared with doses which in previous experi- 
ments had induced resistance to paludrine and sul- 
phadiazine (Bishop & McConnachie, 1950a), it 
could not be assumed that the concentration of drug 
in the blood was proportionally high. Accordingly, 
estimations of the blood concentrations of sulpha- 
diazine after 20 and 1-25 mg. doses of the drug, 
were made and compared. Blood concentrations 
of sulphadiazine were estimated by the method of 
Bratton & Marshall (1939); a simple colorimeter 
was used and was considered to be sufficiently 
accurate as the chief interest lay in comparative 
concentrations. After passaging the strain of 
P. gallinaceum from one of the latently infected 
chickens (now 1000 g. in weight) the bird was used 
for estimations of sulphadiazine in the blood ; before 
these estimations were made, colorimetric tests 
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Table 1. A comparison of the effects of sulphadiazine and paludrine on strains of Plasmodium gallinaceum 
treated in the latent state with sulphadiazine, and on the normal parent strain 


Duration 
of drug Total 
treatment dosage 
Strain (days) (g-/20 g.) 

Latent (A) 190 4-73 
Normal — — 
Latent (B) 171 4-41 
Normal — _— 
Latent (C) 178 4-65 
Normal —_— — 


* Intensity of infection expressed as the average number of infected erythrocytes/500 erythrocytes, in groups of 


3-5 birds. 


showed that all sulphadiazine from the previous 
course of treatment had been eliminated from 
the blood. Two doses of 1-25 mg. of sulphadiazine 
were given on the first day of the experiment, and 
approximately 16 hr. after the second dose, 2-0 c.c. 
of blood were withdrawn from the jugular vein into a 
syringe previously rinsed with heparin to prevent 
clotting. The concentration of free sulphadiazine 
present in whole blood was then estimated. A third 
dose of drug was given, and after 4hr., another 
2-0 c.c. of blood were removed and the sulphadiazine 
concentration again estimated. Three more 1-25 mg. 
doses of sulphadiazine were given on the following 
two days and blood samples removed as before, 
approximately 16 hr. after the sixth dose and 4 hr. 
after the seventh dose, and estimations made. Twice 
daily doses of 20 mg. ofsulphadiazine were next given 
and blood concentrations of the drug estimated in a 
similar way, approximately 16 hr. after the second 
and fifth doses and 4 hr. after the third and sixth 
doses. 0-5 c.c. of blood was removed for each estima- 
tion. In Table 2 each of the blood levels of sulpha- 
diazine obtained for this bird is expressed as the 
mean of two estimations. Similar estimations were 
also made upon a smaller bird, latently infected with 
P. gallinaceum, after twice daily doses of 1-25 and 
20 mg. of sulphadiazine. Blood was withdrawn for 
estimations of the drug concentration approximately 


Drug-resistance in avian malaria 


No. of 
passages Intensity of infection* 
through r a ——, 
drugged Sulphadiazine  Paludrine 
birds Controis 1-25 mg. 0-1 mg. 
3 222 3 1 
— 344 4 0 
2 366 4 1 
— 342 3 0 
2 271 3 0 
_ 342 3 0 








16 hr. after the second dose and 4 hr. after the third 
dose in each case. Both birds were allowed to eat and 
drink freely throughout the experiments. From 
Table 2 it can be seen that the concentration of 
sulphadiazine in the blood is indeed considerably 
greater after giving 20 mg. than 1-25 mg. doses, and 
that the blood levels are approximately related to 
the doses given. Continued treatment with twice 
daily doses of 20 mg. of sulphadiazine must, there- 
fore, have maintained a high blood level of sulpha- 
diazine. Fisher, Troast, Waterhouse & Shannon 
(1943) have shown that sulphadiazine is freely 
distributed in the tissues of the cat, and unless the 
distribution of the drug is different in chicks, it is 
difficult to conceive that exo-erythrocytic parasites 
situated in organs such as the spleen, liver and brain, 
were not maintained in a high concentration of 
drug. 


Ill. THE EFFECT OF PROLONGED TREAT. 
MENT WITH PALUDRINE (PROGUANIL, 
CHLORGUANIDE) ON A LATENT INFEC- 
TION OF PLASMODIUM RELICTUM 


A canary was inoculated intramuscularly with an 





Algerian strain of P. relictum (Tate & Vincent, 1934), 
and 16 days later, when no parasites could be found 
in the blood, drug treatment was begun. An approxi: | 


Table 2. A comparison of the concentration of sulphadiazine in the blood of chickens after giving 
1-25 and 20 mg. doses of sulphadiazine 


Approx. Dose of SD* 
weight of bird in mg./20 g. 
1000 g. 1-25 

20 
160 g. 1-25 
20 


* SD =sulphadiazine. 


+ Each of these values is the mean of two determinations. 


Concentration of SD in blood 
(mg./100 c.c.) 





4 hr. after Approx. 16 hr. 
drugging after drugging 
3-8f 1-44 
50-8t 42-97 
5-4 2-9 
43-2 36-4 
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mate estimation of the minimum effective dose of 
paludrine on P. relictum had previously indicated 
that 0-1 mg. twice daily delayed the appearance of 
parasites significantly, when compared with the 
development of the infection in a bird receiving no 
drug. In attempts to obtain drug-resistant strains it 
is essential that the initial dose should not eradicate 
the infection; 0°05 mg. of paludrine, therefore, was 
given once daily for the first 40 days.* The dose was 
then increased to 0-1 mg., and after a further 55 days 
of treatment, to 0-2 mg. In this way, the concentra- 
tion of paludrine was gradually increased and the 
bird finally received 1-0 mg. twice daily for 15 days. 
The period over which drug was given was 368 days 
and the bird received a total of 111-5 mg./20 g. of 
paludrine. Blood films examined approximately 
twice weekly showed occasional uninucleate para- 
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determine the incubation period, blood films were 
made daily from the fifth day after inoculation, and 
each examined for three minutes. The strain was 
tested a second time for resistance to 0-1 mg. of 
paludrine. Owing to shortage of canaries, these 
tests were not as extensive as might be desired, but 
there was no indication of a shortening of the incu- 
bation period in the birds infected with the palu- 
drine-treated strain and receiving doses of paludrine 
as compared with those inoculated with the normal 
strain (Table 3). 


IV. DISCUSSION 
The failure to induce resistance to paludrine or 
sulphadiazine as a result of treating latent infections 
of P. gallinaceum with sulphadiazine is of particular 
interest, as a comparison can be made with the pro- 


Table 3. A comparison of the effect of paludrine on a strain of Plasmodium relictum treated in the latent 
state with paludrine, and on an untreated strain 


Incubation period* 





Controls 
Strain —*~— 
Paludrine treated 7 5 
Untreated 7 5 
Paludrine treated 6 5 
Untreated 5 6 


Paludrine 


A 





‘ 


0-1 mg./20 g. 0-4 mg./20 g. 





12 8 17+ 17t 
12 16 17+ 14 
8 10 —_ — 
8 a _ sled 


* The incubation period is expressed as the number of days after inoculation before parasites were visible in the 


blood. 


t Negative until the 17th day, after which blood films were not examined. 


sites in the early stages of treatment and none 
during the later stages. For comparison with the 
paludrine-treated strain, blood films of an untreated 
canary carrying a latent infection of P. relictum were 
examined regularly and showed only occasional 
parasites. 

Seven days after giving the last dose of paludrine, 
acomparatively large amount of citrated blood from 
the treated bird was inoculated intramuscularly into 
a clean bird; when the infection developed blood 
from this canary was tested for resistance to palu- 
drine as follows. Blood was withdrawn from a leg 
vein into citrate saline and 0-3 c.c. of this citrated 
blood inoculated intramuscularly into each of six new 
birds, two of which received 0-1 mg. of paludrine, two 
0-4 mg. of paludrine, and two remained untreated 
as controls. Approximately the same number of 
parasites of the normal untreated strain were inocu- 
lated into each of 6 more birds. A dose of drug was 
given immediately before inoculation and repeated 
twice daily on the five following days. In order to 

* Paludrine was given orally, by catheter tube, as a 
solution of the hydrochloride. 
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duction of resistant strains by the treatment of acute 
infections of P. gallinaceum with sulphadiazine. 
Bishop & McConnachie (1950 a) found that by giving 
a total of 14 mg. of sulphadiazine (in twice daily 
doses of 0-625 mg.) during a period of 17 days, to 
chicks in which infections were maintained by blood 
passage, a strain resistant to the maximum tolerated 
dose of paludrine (1-0 mg.) was obtained, though 
resistance to sulphadiazine could not be detected. 
After treatment for a further period of 14 days, 
involving an additional 7 mg. of sulphadiazine, the 
strain also became resistant to the minimum 
effective dose of sulphadiazine (1-25 mg.) (strain D of 
Bishop & McConnachie). In the experiments upon 
latent infections of P. gallinaceum described above, 
one strain was given 4-73 g. of sulphadiazine during 
a period of 190 days, and another 4-65 g. during 
178 days (Table 1). It is clear that factors other than 
the amount of drug administered to the host must 
be responsible for the production of resistant strains 
of P. gallinaceum. 

Rollo et al. (1948) were unable to obtain a strain 
of P. gallinaceum resistant to paludrine by treating 


8 
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latent infections in chickens with paludrine for 
periods up to one year. Similar treatment directed 
against the erythrocytic parasites produced a highly 
resistant strain within 24-34 months. They point 
out that there are two main interpretations of 
their failure to produce resistance by treating exo- 
erythrocytic parasites with paludrine: (1) exo-ery- 
throcytic parasites are naturally more resistant to 
the action of drugs than erythrocytic forms, and it is 
reasonable to suppose that resistance can only arise 
as a response to drug treatment if the parasites are 
susceptible to such treatment; (2) if, as has been 
shown insome bacteria, resistance arises by mutation 
and selection of resistant individuals, then it is more 
likely to arise when there is a large population under- 
going drug treatment, as in the acute stages of in- 
fection, than when there is a relatively small popula- 
tion, as in a latent infection. 

The suggestion that the innate resistance of the 
exo-erythrocytic forms renders them less likely to 
give rise to resistant strains may be of some im- 
portance. Drug treatment appears to induce re- 
sistance only when the drug has a definite effect on 
the organism concerned. Thus Kirby & Rantz (1943), 
in studies on the resistance of Escherichia coli to 
sulphonamides, found that unless the drug brought 
about an inhibition of the growth of the organism, 
very little resistance developed, and Bishop & 
McConnachie (1950a) have shown that sulpha- 
diazine in doses having a lethal effect on a large pro- 
portion of erythrocytic forms of Plasmodium galli- 
naceum induced resistance much more rapidly than 
when given in doses having a barely perceptible 
effect on the parasites (strains E and EA of Bishop & 
McConnachie). 

Davey (1946) has reported that in P. cathemerium 
which, he states, behaves in an identical manner to 
P. relictum, paludrine, while not destroying the exo- 
erythrocytic forms, inhibits the reproduction of 
some of them. The failure to find uninucleate para- 
sites in the blood of the latently infected canary 
undergoing treatment with paludrine, after the dose 
had been raised to 0-8 mg. once daily, suggests that 
in the higher doses at least, the drug was having some 
action on the exo-erythrocytic parasites of P. re- 
lictum, as uninucleate parasites were occasionally 
found in the blood of the untreated control bird. 
Sulphadiazine is known to have an action against 
exo-erythrocytic forms of P. gallinaceum (Coatney & 
Cooper, 1944; Coggeshall, Porter & Laird, 1944), but 
as Davey (1946) has shown, the action of this drug 
against well-established infections is comparatively 
poor. There was evidence, however, that the exo- 
erythrocytic parasites undergoing sulphadiazine 
treatment in the present experiments were being 
affected by the drug. First, parasites were found in 
the blood on only one occasion during all the treat- 
ments ; sulphadiazine in the doses used is very active 
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against erythrocytic forms of P. gallinaceum, but if 
any parasites were entering the peripheral blood 
from exo-erythrocytic schizonts, they might have 
been found occasionally in a degenerating condition, 
Secondly, blood from a latently infected bird under- 
going sulphadiazine treatment proved to be non- 
infective if inoculated into new birds while the donor 
was still receiving drug. If treatment was withheld 
for several days before making subinoculations, in- 
fections were produced ; this suggests that treatment 
with sulphadiazine inhibited the reproduction of the 
exo-erythrocytic parasites to such an extent that 
very few, if any, erythrocytic parasites were entering 
the peripheral blood. Bishop & McConnachie 
(1950a) found that sulphadiazine used in very small 
doses against acute blood infections of P. gallinacewm 
(0-625 mg. twice daily over a period of 17 days), 
induced resistance to the maximum tolerated dose of 
paludrine, and it therefore seemed possible that a 
dose of sulphadiazine which produced only the 
slightest effect on exo-erythrocytic parasites might 
induce resistance to paludrine. As resistance did not 
arise by such treatment, and as there is evidence 
that the drugs used had some effect upon the exo- 
erythrocytic parasites, it is to be presumed that some 
factor other than the susceptibility of the parasite 
to the drug is concerned in the development of 
resistant strains of malaria. 

A more satisfactory explanation of the failure to 
produce drug-resistance by treating latent infections 
of malaria may be found in the suggestion of Rollo 
et al. that the size of the population subjected to 
treatment is of considerable importance. Population 
size would only be a factor of importance if re- 
sistance arises by the selection of resistant mutants, 
and as yet the origin of resistant strains of malaria 
is unknown. Several workers, however, have shown 
convincingly that in some bacteria drug-resistance 
arises by mutation and selection: for instance, 
resistance to penicillin and sulphonamides in 
Staphylococcus aureus (Demerec, 1945; Oakberg & 





Luria, 1947). If resistant strains of malaria also arise 
in this way, then the most important factors in their 
production as a response to drug treatment would be 
(1) population size, and (2) reproduction rate. In 
latent infections of malaria not only are the numbers 
of parasites present comparatively small, but pre- 
sumably their rate of reproduction is very low 48 
compared with that of acute infections. That the 
number of parasites present during prolonged treat- 
ment with sulphadiazine was very small was shown 
by the failure to produce infections in chicks i- 
oculated intravenously with blood from a treated | 
bird, and in birds having latent infections ex0- 
erythrocytic parasites are rarely found. In latent in- 
fections of malaria the reproduction rate of the 
parasites must be low, as the exo-erythrocytic | 
parasites are presumably multiplying at a rate | 
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sufficient only to maintain a fairly constant popula- 
tion. Any considerable increase in the rate of re- 
production would be revealed by the presence of 
uninucleate parasites in the blood, and these were 
never found in appreciable numbers in either the 
Plasmodium gallinaceum or P. relictum infections. 
It is considered that the factors most probably 
responsible for the failure to induce drug-resistance 
inthe present experiments were the low reproduction 
rate and small populations of the parasites under- 
going treatment. 

Although results obtained from studies on bird 
malaria cannot be directly applied to human malaria, 
the possibility that they might apply should not be 
ignored. It is of interest in this connexion that 
paludrine-resistant strains of P. vivax and P. falci- 
parum have already been obtained experiment- 
ally (Seaton & Lourie, 1949; Seaton & Adams, 
1949), and the development of a resistant strain of 
P. falciparum in Malaya has been reported (Field & 
Edeson, 1949; Edeson & Field, 1950). Bishop & 
McConnachie (1950a) have pointed out that if cross- 
resistance between sulphadiazine and paludrine 
should occur in human malaria, there might be a 
danger of patients infected with malaria, and under- 
going treatment with sulphonamides for inter- 
current bacterial infections, producing paludrine- 
resistant strains of malaria. The present work con- 
firms their earlier conclusion that this danger would 
lie in treatment during acute attacks and not during 
latent infections of malaria. Rollo and his colleagues 
have drawn a similar conclusion from their work on 
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the effect of paludrine treatment on P. gallinaceum 
infections; paludrine-resistant strains of human 
malaria are most likely to arise by the use of sub- 
curative doses of paludrine during acute attacks. 


V. SUMMARY 


1. No resistance to paludrine or to sulphadiazine 
was obtained after treating latent infections of 
Plasmodium gallinaceum in chickens with twice daily 
doses of 20 mg./20 g. of sulphadiazine over periods of 
171, 178 and 190 days. 

2. No resistance to paludrine was obtained after 
treating a latent infection of P. relictum in a canary 
over a period of 1 year with doses of paludrine in- 
creasing from 0-05 mg./20 g. once daily to 1-0 mg./ 
20 g. twice daily. 

3. It is considered that if drug-resistance arises by 
mutation and selection, then resistance should arise 
more readily when a large number of rapidly multi- 
plying parasites is treated with a drug than when the 
population treated is small, with a low reproduction 
rate, i.e. the failure to obtain resistant strains of 
malaria by prolonged treatment of latent infections 
with large amounts of drug, lends support to the 
theory of the origin of resistant strains of malaria by 
the selection of resistant mutants. 


I wish to thank Dr A. Bishop for her stimulating 
interest and advice throughout the course of this 
work, and Dr T. Mann for advice on the sulpha- 
diazine estimations. The work has been financed by 
the Medical Research Council. 
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ANTAGONISM OF SPIRILLUM MINUS INFECTION IN RATS 
TOWARDS TRYPANOSOMA LEWISI AND T. EQUINUM 


By P. TATE 
From the Molteno Institute, University of Cambridge 


Some unexpected results obtained in cross-infection 
experiments between Trypanosoma lewisi and 1’. 
equinum proved to be due to the fact that the strain 
of T. lewist used was contaminated with Spirillum 
minus Carter, 1887. The strain of Trypanosoma 
lewist had been isolated from a wild rat two years 
before. At the same time Spirillum minus had been 
transmitted inadvertently from the wild rat and it 
had been passaged, together with Trypanosoma 
lwisi, in laboratory rats by blood inoculation 
throughout the two years. The fact that Spirillum 
minus might be transmitted to some of the offspring 
of an infected rat but not to other members of the 
same litter, was a further complication, as it invali- 
dated results of experiments on the immunity to 
Trypanosoma lewisi acquired by young rats from 
mothers infected with this trypanosome. It was 
found that an unrecognized infection with Spirillum 
minus in some of the experimental animals had 
greatly modified the course of infection with 
Trypanosoma lewisi or T’. egquinum when the rats 
were inoculated with these parasites. A detailed in- 
vestigation of this phenomenon was undertaken, but 
the work was unavoidably interrupted. Neverthe- 
less, the results obtained, though incomplete, are of 
sufficient interest to be recorded in the hope that the 
work may be resumed later or will be extended by 
other workers. 

Only two references have been found in the 
literature to previous work in relation to antagonism 
between Spirillum minus and trypanosomes. Grillo 
& Krumeich (1934) found that in mixed infections of 
8. minus or Spirochaeta usbekistanica and Trypano- 
soma brucei in guinea-pigs the life of the animals was 
prolonged and fewer trypanosomes appeared in the 
blood compared with control animals infected only 
with T. brucei. In mice, however, similar mixed 
infections had no influence on the course of the 
trypanosome infection. More recently, Ceccaldi & 
Guilhaumou (1942) described antagonism between 
an African strain of Spirillum minus and Trypano- 
soma gambiense in guinea-pigs. When guinea-pigs 
were inoculated simultaneously with Spirillum 
minus and Trypanosoma gambiense the appearance 
of trypanosomes in the blood was delayed and the 
animals lived longer than did guinea-pigs inoculated 
only with 7’. gambiense. 

There are many references in the literature to cases 





of antagonism between spirochaetes and trypano- 
somes. Trautmann (1907) carried out experiments 
on mixed infections of the spirochaete of tick-fever 
(Spirochaetaduttoni) and the trypanosomes of Nagana 
(Trypanosoma brucei), Dourine (7. equiperdum), 
Surra (7'. evansi), T. gambiense and T’. lewisi. There 
was a very marked inhibition of the trypanosome 
infection in mice inoculated with the spirochacte and 
T.. brucei or T'.. evansi; but the results were irregular 
with 7. equiperdum, inconclusive with T’. gambiense, 
and there was no action against 7’. lewisi in rats. In 
mixed infections there was a mutual influence by 
each parasite. In general, when the spirochaetes 
multiplied the trypanosomes regressed, and this 
periodical regression resulted in a longer survival 
time in the animals with the mixed infection than in 
animals inoculated only with the trypanosome. The 
antagonism was evident when both parasites were 
inoculated simultaneously, but it was strongest 
when the spirochaetes were inoculated one day after 
the trypanosomes. If the spirochaetes were injected 
before the trypanosomes, there was no regression of 
the trypanosome infection and only a slight delay in 
the time of death of the animals. There was no 
immunity to trypanosomes in mice which had re- 
covered from the spirochaete infection. Daels (1910) 
also demonstrated antagonism between the spiro- 
chaete of tick-fever and trypanosomes (7'. brucei) in 
mice and rats. In combined infections with the 
spirochaete and the trypanosome the survival of the 
infected animals was remarkably increased. When, 
however, the spirochaete infection died out the try- 
panosomes multiplied rapidly and killed the animals. 
In some cases of mixed infections, although the 
development of the trypanosomes was not inhibited, 
infected mice survived for several days although the 
blood was swarming with parasites, whereas control 
animals, infected only with trypanosomes, died 
within 24 hr. when the trypanosomes became very 
numerous. Some increase in the length of survival 
was produced in animals by the intra-peritoneal in- 
jection of spirochaetes enclosed in cellulose sacs. 
Vinzent (1926, 1927) found that a spirochaete, mor- 
phologically identical with that of recurrent fever, 
which appeared spontaneously in mice inoculated 
with 7’. somaliense, greatly retarded the fatal termi- 
nation of the trypanosome infection. The inhibitory 
influence upon the trypanosomes ceased as soon as 
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the spirochaete infection died out ; but, nevertheless, 
the author did not believe that there was a direct 
antagonistic action between the two organisms. 
Delorme & Anderson (1928) found that if mice which 
had apparently recovered from a Spirochaeta duttoni 
infection were inoculated about two months later 
with Trypanosoma brucei, the spirochaetes re- 
appeared in the blood and the trypanosome infection 
followed a chronic course. Mice with the mixed in- 
fections survived for as long as the spirochaetosis 
persisted; but, as soon as the spirochaetes disap- 
peared, the trypanosomes multiplied rapidly and 
killed the animals in 3-4 days. Galliard (1928, 1929) 
found that mice with mixed infections of Treponema 
crocidurae and Trypanosoma brucei survived much 
longer than did mice inoculated only with the try- 
panosome, and that those with mixed infections 
were sometimes cured. When normal mice or rats 
were inoculated with the ‘mixed’ infection the course 
of the resulting disease was chronic; but if the mixed 
infection were inoculated into animals which had 
recovered from spirochaetosis, had been injected 
with serums, or were infected with 7’. cruzi or T. 
lewisi, the infections ran an acute course and the 
animals were quickly killed. Kawamura (1931) in- 
vestigated antagonism between Spirochaeta his- 
panica and Trypanosoma brucei and between Spiro- 
chaeta crocidurae and Trypanosoma brucei and found 
that when Spirochaeta hispanica and Trypanosoma 
brucei were inoculated simultaneously into mice the 
animals survived until the 22nd day, whereas 
controls, inoculated only with 7’. brucei, survived for 
only 4 days. If, in the mice with mixed infections, 
the spirochaetes were removed from the blood by 
treatment with ‘Solganol’, the trypanosomes then 
multiplied rapidly and killed the mice in 6—7 days. 
Hassk6 (1931) studied the curative action of a 
number of trypanocidal drugs on mixed infections of 
various species of spirochaetes (Spirochaeta usbeki- 
stanica, S. hispanica, S. crocidurae) and Trypanosoma 
brucei in mice. There appeared to be two opposing 
effects of the spirochaete infection: (1) a direct sup- 
pressive action upon the trypanosome infection, and 
(2) damage to the reticulo-endothelial system of the 
host. Whereas the suppressive action of the spiro- 
chaetes reinforced the effect of low doses of the try- 
panocidal drugs, the damage to the reticulo-endo- 
thelial system hindered the sterilization of the try- 
panosome infection in the treated mice inoculated 
with both parasites. Thomson & De Muro (1932) 
found that in mice mixed infections of Treponema 
duttoni and Trypanosoma rhodesiense, especially 
when they were injected simultaneously, markedly 
prolonged the time of survival of mice compared with 
that of mice inoculated with 7’. rhodesiense alone. 
During the spirochaetal crises in the blood, the try- 
panosomes disappeared therefrom; and, when the 
spirochaete infections ended, the trypanosomes 
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multiplied rapidly and the mice died. Schlossberger 
& Grillo (1935) investigated the influence of a 
number of species and of strains of recurrent fever 
spirochaetes upon 7’. rhodesiense infections in mice, 
The influence on the trypanosome infection de. 
pended less on the strain or species of spirochaete 
than on the clinical course of the spirochaete in. 
fection. The antagonistic action towards the try. 
panosome was most marked when the spirochaete 
infection took the course of many short crises with 
long intermissions. The spirochaete infection dam. 
aged the hosts’ reticulo-endothelial system, and the 
damage produced was very similar to that caused by 
the injection of colloidal copper. It was also found 
that the trypanocidal drug ‘Germanin’ exercises its 
full curative action only in the presence of an intact 
reticulo-endothelial system. Guo (1937) investi- 
gated antagonism between trypanosomes (7'. congo- 
lense, T'. rhodesiense and T. brucei) and four spiro- 
chaetes (S. obermeieri, S. hispanica, S. berbera and 
S. duttoni) in mice and found varying degrees of 
antagonism between the different species. In 
general, the weaker and more frequent the crises of 
the spirochaetal infection the more marked was the 
inhibitory action on the trypanosome infection. The 
specific spirochaete antibody appears to act not only 
against the spirochaete but also, non-specifically, 
against the trypanosomes. When the spirochaetal 
infection is weak there is a surplus of anti-body 
produced which acts against the trypanosomes, but 
when the spirochaetal infection is heavy there is no 
excess anti-body to act against the trypanosomes 
which multiply rapidly and kill the animals. Finally, 
if the spirochaetal infection is too weak the host 
forms little or no specific anti-body and the trypano- 
somes develop as in normal animals. Recently, 
Vaisman (1947) has described antagonism between 
Spirochaeta duttoni and the trypanosomes T'rypano- 
soma equiperdum and T’. brucei in mice. Mice infected 
with Spirochaeta duttoni 8 days before or 24 hr. after 
inoculation with Trypanosoma equiperdum or T. 
brucei survived for 15-40 days, or were sometimes 
completely cured, whereas the control mice, in- 
fected only with one of the trypanosomes, died in 
4-5 days. 

It is remarkable that Velu, Balozet & Zottner 
(1931) failed to detect any influence on the course of 








T. marocanum infection in guinea-pigs when the | 
animals were also inoculated with Spirochaela | 


hispanica. 
METHODS 


The rats used in the experiments were all bred in the 
laboratory to ensure that they were of known age and 
were not naturally infected with Spirillum minus. 
The strain of Trypanosoma lewisi was cleared of 
Spirillum minus by treating infected rats with 
‘Neoarsphenamine’; and a pure strain of S. minus 
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was obtained by inoculating infected rat blood into 
mice. The strain was then passaged in mice by blood 
inoculation. 

The strain of Trypanosoma equinum was obtained 
in 1943 from Dr D. G. Davey, Imperial Chemical 
(Pharmaceuticals) Ltd., and was maintained in mice. 
Rats were inoculated by intraperitoneal injection of 
0-25 c.c. of heavily infected mouse blood diluted with 
a solution of 1% sodium citrate and 0-85% sodium 
chloride. A similar method was used for inoculating 
rats with Spirillum minus. Trypanosoma lewisi was 
transmitted to rats by the injection of 0-5 c.c. of 
heavily infected rat blood diluted with the sodium 
citrate-sodium chloride solution. Although the 
routine method of inoculation was intra-peritoneal, 
subcutaneous inoculation was found to be equally 
satisfactory for the transmission of all three parasites. 

Microscopical examination of the blood for the 
presence of the trypanosomes and of Spirillum minus 
was made on thin blood smears fixed in methyl 
alcohol and stained with Giemsa’s solution. Blood 
for inoculation or for microscopical examination was 
usually taken from the tip of the tail of the infected 
animal. 


RESULTS 


(1) Spirillum minus infection in rats. In rats in- 
oculated with blood from mice infected with S. 
minus scanty parasites could be found by micro- 
scopical examination of the peripheral blood about 
7-8 days after inoculation. Thereafter, for about 10 
days, S. minus remained visible in the peripheral 
blood. Later the infections mostly became sub- 
patent, but the rats remained infected for long 
periods and occasionally parasites were found in the 
peripheral blood even after many negative examina- 
tions. Thus in one rat (no. 285) S. minus was ob- 
served microscopically 29 weeks after inoculation 
and after fifty-one consecutive negative blood 
examinations spread over 25 weeks. In another rat 
(no. 288) microscopical examination was positive for 
S. minus 24 weeks after inoculation and after thirty- 
two consecutive negative examinations extending 
over 21 weeks. The infections produced in rats were 
never heavy, of the order of 1—2 parasites in a micro- 
scopical field (35 0.i. objective and x 10 ocular), and 
in general there were no obvious signs of illness in the 
infected rats. It was found that in both rats and 
mice occasionally an infected mother transmitted 
S. minus to some individuals of a litter whilst other 
members of the same litter remained free of the in- 
fection; but it was not determined if the infection 
were congenital or took place soon after birth. This 
18 contrary to the results of Das Gupta (1938), who 
failed to detect the transmission of S. minus to the 
offspring of infected mice; but is in agreement 
with those of Levaditi, Schoen & Vaisman (1934a, 
19346), who demonstrated transplacental infection 
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and transmission through the milk from infected 
female mice to their offspring. 

(2) Trypanosoma lewisi infection in normal rats. 
The strain of 7’. lewisi used in the experiments be- 
haved in a very uniform manner in young rats, up to 
about 12 weeks old; but in old rats it was erratic and 
the heaviness of the infection varied much in 
different animals. In young rats, inoculated in the 
routine manner, trypanosomes usually appeared in 
the peripheral blood on the third or fourth day and 
then increased rapidly in number for about a week. 
This was the ‘reproductive’ phase and, towards the 
end of the period, the peripheral blood contained 
very numerous parasites of varied size and shape, 
many of them undergoing simple or multiple fission. 
The ‘adult’ phase developed about 7-10 days after 
parasites appeared in the blood and persisted for a 
very variable period ; but it usually lasted for 4 weeks 
or longer. 7’. lewisi did not show any signs of patho- 
genicity except in one rat which developed an ex- 
ceptionally heavy infection and died. 

(3) Trypanosoma equinum infection in normal rats. 
When rats were inoculated with 7’. eguinum in the 
way described, trypanosomes usually appeared in 
the peripheral blood on the third day. They then 
increased very rapidly in number until the blood 
became filled with masses of parasites and the in- 
fected rats died within a week of inoculation, 
usually on the fifth or sixth day; but sometimes the 
course of infection was slower and death did not 
occur for 2 weeks or longer. The longest time of 
survival of a normal rat inoculated with T’. egquinum 
in this series of experiments was 17 days. 

(4) The course of Trypanosoma equinum infection 
in rats also infected with T. lewisi. The results of an 
experiment to test if an existing infection with 7’. 
lewisi modified the course of a subsequent infection 
with 7’. equinum are given in Table 1. The rats were 
4 weeks old at the start of the experiment. Nine of 
them (168-170, 171-173, 174-176) were inoculated 
with 7. lewisi, and they all developed normally 
heavy infections. Nine other rats were kept as 
controls and were not inoculated with 7’. lewisi. Two 
weeks after the inoculation with 7’. lewisi, rats 168-— 
170 were inoculated with 7’. eguinum and, at the 
same time, three control rats (180-182) were in- 
oculated. Similarly, three rats infected with T. 
lewisi and three control rats were inoculated with 
T. equinum at intervals of 4 weeks (171-173, 
183-185) and 6 weeks (174-176, 186-188) after the 
start of the experiment. The results show clearly 
that the infection with 7’. lewisi had no influence on 
the development of the subsequent infection with 
T. equinum. The rats previously infected with 7’. 
lewisi were killed as rapidly by 7’. equinum as were 
the control rats. Therefore 7’. Jewisi infection in rats 
does not produce any resistance to 7’. eguinum. 

(5) Trypanosoma equinum infection in rats also 
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Antagonism of Spirillum minus to Trypanosoma 


Table 1. The course of Trypanosoma equinum infection in young normal rats and in rats of the 
same age inoculated with T. lewisi 2, 4 and 6 weeks before inoculation with T. equinum 


The rats were all 4 weeks old at the start of the experiment 


T. lewisi 
Rat inoc. 
no. result 
168 ++++ 
169 ++++ 
170 ++++ 
180 Control, no T.. lewisi 
181 Control, no 7’. lewisi 
182 Control, no 7’. lewisi 
171 ++++ 
172 ++++ 
173 ++++ 
183 Control, no 7’. lewisi 
184 Control, no 7. lewisi 
185 Control, no 7’. lewisi 
174 ++++ 
175 ++++ 
176 ++++ 
186 Control, no T’. lewisi 
187 Control, no 7’. lewisi 
188 Control, no 7. lewisi 


T. equinum 
inoc. 
Interval result 
2 weeks Dead 4 days 
2 weeks Dead 4 days 
2 weeks Dead 4 days 
—- Dead 5 days 
— Dead 5 days 
os Dead 8 days 
4 weeks Dead 7 days 
4 weeks Dead 7 days 
4 weeks Dead 10 days 
— Dead 6 days 
— Dead 13 days 
oo Dead 7 days 
6 weeks Dead 6 days 
6 weeks Dead 6 days 
6 weeks Dead 5 days 
— Dead 6 days 
—- Dead 6 days 
—_— Dead 6 days 


Explanation of symbols in Tables 1-5 


+ means that parasites were observed in the blood by microscopical examination. In relation to Spirillum minus 
this sign indicates an infection of normal heaviness. In relation to Trypanosoma equinum or T.. lewisi it indi- 


cates a slight patent infection in the peripheral blood. 


+-+ means a trypanosome infection of moderate heaviness. 


+++ means a heavy trypanosome infection. 
++++ means a very heavy trypanosome infection. 


(+) means a very slight patent infection of the peripheral blood for one day only. 

0 means that no parasites were found in the peripheral blood by microscopical examination. 

D. 6 means that the animal died, or was found dead, on the sixth day after inoculation. 

K. 24 weeks means that the animal was killed 24 weeks after it had been inoculated. 

(R.S.) means that the animal was inoculated with a relapse strain of 7’. eguinum. 

35 weeks R. means that the animal died with a relapse of 7’. eguinum 35 weeks after it had been inoculated, for 


the first time, with 7’. equinum. 


infected with Spirillum minus. The results of an ex- 
periment in which groups of rats were inoculated 
with Trypanosoma equinum at the same time as they 
were inoculated with Spirillum minus, and 2 weeks 
and 4 weeks after they had been inoculated with S. 
minus are given in Table 2. Rats 219-222 were in- 
oculated only with Trypanosoma equinum and were 
all dead on the fifth or sixth day. Rats 223-226 
were inoculated with 7. equinum and Spirillum 
minus simultaneously and were all dead on the sixth 
day. Rats 227-230 were first inoculated with S. 
minus and developed normal infections. Two weeks 
later they were inoculated with Trypanosoma 
equinum, but only slight, transient primary infec- 
tions resulted ; a few parasites appeared in the peri- 
pheral blood for a few days and then disappeared. 
No. 227 survived for 36 weeks after inoculation with 


T. equinum and died with a relapse. No. 228 died 
16 weeks after inoculation. Nos. 229 and 230 were 
both reinoculated 36 weeks after the primary in- 
oculation with T. equinum; no. 229 with the same 
strain and no. 230 with a ‘relapse’ strain of T. 
equinum; no. 229 developed only a transient in- 
fection with a few parasites in the peripheral blood, 
and no. 230 developed no patent infection after the 
reinoculation. Both these rats ultimately died with 
relapses of 7’. eqguinum, no. 229 45 weeks and no. 230 
48 weeks after the first inoculation with 7. equinum. 
Rats 231-234 were inoculated with 7’. equinum 
4 weeks after inoculation with Spirillum minus. 
Three of them, 231, 233 and 234, developed heavy 
primary infections with Trypanosoma equinum and 
died 7, 15 and 11 days after inoculation respectively. 
Rat 232, however, had a milder infection from which 
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Table 2. Course of Trypanosoma equinum infection in normal rats and in rats inoculated with Spirillum 
minus simultaneously and 2 and 4 weeks before inoculation with Trypanosoma equinum 


Rats were 11—12 weeks old at 


- First 

T. equinum 
Rat S. minus inoc. 
no. infection Interval result 
223 — None D. 6 days 
224 _— None D. 6 days 
225 _— None D. 6 days 
226 — None D. 6 days 
227 + 2 weeks + 
228 + 2 weeks - 
229 + 2 weeks a 
230 + 2 weeks (+) 
231 + 4 weeks D. 7 days 
232 + 4 weeks ++ 
233 + 4 weeks D. 15 days 
234 + 4 weeks D. 11 days 
219 Control No S. minus D. 5 days 
220 Control No S. minus D. 5 days 
221 Control No S. minus D. 5 days 
222 Control No S. minus D_ 6 days 
235 Control No S. minus D. 7 days 
236 Control No S. minus D. 5 days 
237 Control No S. minus D. 5 days 
238 Control No S. minus D. 5 days 


it recovered. It was reinoculated with 7’. equinum 
14 weeks after the primary inoculation, and again it 
developed a mild infection from which it recovered. 
It was killed 16 weeks after the first inoculation with 
T. equinum. Rats 235-238 were controls and were 
inoculated only with 7’. equinum at the same time as 
nos. 231-234. Three of them were dead on the fifth 
day and the remaining one on the seventh day. These 
results show that Spirillum minus, inoculated at the 
same time as Trypanosoma equinum, did not in- 
fluence the course of infection with this parasite. 
When 7’. equinum was inoculated into rats 2 weeks 
after Spirillum minus the course of infection was 
greatly modified and only transient primary in- 
fections ensued; the rats survived for 16-48 weeks, 
and death in three of the four animals was due to a 
relapse of Trypanosoma equinum. This contrasts 
strongly with the control rats, or with those inocu- 
lated with 7. equinum and Spirillum minus simul- 
taneously, which were all dead within 7 days. The 
fact that, when inoculation with Trypanosoma 
equinum was delayed for 4 weeks after Spirillum 
minus, only one out of three rats was strongly re- 
sistant to the trypanosome indicated that the 
resistance induced by infection with S. minus is of 
comparatively short duration. Nevertheless, rats 
which had recovered from the primary transient 
trypanosome infection were resistant for as long as 





the start of the experiment 


Second 
T’. equinum 
inoc. 
result 


Survival 
after first 
T. equinum 

Interval inoc. 

6 days 

6 days 

6 days 

6 days 
36 weeks R. 
16 weeks 
45 weeks R. 


36 weeks + 
0 48 weeks R. 


36 weeks 
(R.8.) 
— _— 7 days 
14 weeks K. 16 weeks 
_— _ 15 days 
11 days 
5 days 
5 days 
5 days 
6 days 
7 days 
5 days 
5 days 
5 days 


36 weeks to reinoculation with the same, or a relapse, 
strain of the trypanosome. 

In another experiment (Table 3) groups of five 
rats were inoculated with Trypanosoma equinum 
2, 4 and 6 weeks after they had been inoculated with 
Spirillum minus ; and at the same time groups of five 
control rats, which were not infected with S. minus, 
were inoculated. The rats inoculated 2 weeks after 
the S. minus infection (nos. 285-289) developed only 
very slight primary infections with Trypanosoma 
equinum, or a subpatent infection, and the minimum 
survival time was 11 weeks (289) and the maximum 
35 weeks (285). Four of the five rats died with a 
relapse of T'. egquinum. Twenty weeks after the first 
inoculation, nos. 285 and 286 were reinoculated with 
T. equinum, 285 with the same strain and 286 with 
a relapse strain. No. 285 did not develop a patent 
infection, but 286 developed a heavy infection and 
died 8 days later. At the same time no. 287 was 
superinoculated with 7’. lewisi and it developed a 
normal infection with this species. The control rats, 
inoculated with 7’. eguinum only, were all dead in 
7 days (nos. 270-274). Very similar results were given 
by the rats inoculated 4 weeks after Spirillum minus 
(nos. 290-294). They all developed only very slight 
primary infections. Nos. 290 and 291 were re- 
inoculated with Trypanosoma equinum, normal and 
relapse strains respectively, 18 weeks later. No. 290, 
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Table 3. Course of Trypanosoma equinum infection in normal rats and in rats inoculated with 
Spirillum minus 2, 4 and 6 weeks before inoculation with Trypanosoma equinum 


Rats were 7-11 weeks old at the start of the experiment 


First Second Survival 

T. equinum T. equinum T. lewisi after first 
Rat 8S. minus inoc. inoc. inoc. T.. equinum 
no. infection Interval result Interval result result inoc. 
285 + 2 weeks a 20 weeks 0 — 35 weeks R. 
286 + 2 weeks + 20 weeks D. 8 days oo 21 weeks 

(R.S.) 

287 oa 2 weeks + 20 weeks — ++++ 25 weeks R. 
288 -~ 2 weeks (+) 20 weeks — — 27 weeks R. 
289 + 2 weeks 0 20 weeks a — 11 weeks R. 
270 Control No S. minus D. 7 days _ — — 7 days 
271 Control No S. minus D. 7 days — — a 7 days 
272 Control No S. minus D. 7 days oe — — 7 days 
273 Control No S. minus D. 7 days os — — 7 days 
274 Control No S. minus D. 7 days — — oo 7 days 
290 + 4 weeks (+) 18 weeks 0 — 45 weeks R. 
291 + 4 weeks (+) 18 weeks (+) (B.S.) a 37 weeks R. 
292 + 4 weeks + 18 weeks — +++ 34 weeks R. 
293 + 4 weeks {+) a _ — 19 weeks R. 
294 + 4 weeks (+) — — — 26 weeks R. 
275 Control No S. minus D. 6 days — — — 6 days 
276 Control No S. minus D. 6 days _ — _ 6 days 
277 Control No S. minus D. 6 days — —_ rm 6 days 
278 Control No S. minus D. 6 days —_— _— a 6 days 
279 Control No S. minus D. 6 days — oa me 6 days 
295 + 6 weeks (+) 16 weeks 0 — 31 weeks R. 
296 + 6 weeks ++ snag — _ 11 days R. 
297 + 6 weeks + 16 weeks 0 (R.8.) as 32 weeks R. 
298 + 6 weeks D. 15 days — _ _ 15 days 
299 + 6 weeks + 16 weeks a= +++ 49 weeks 
280 Control No S. minus D. 7 days — — — 7 days 
281 Control No S. minus D. 7 days — — — 7 days 
282 Control No S. minus D. 7 days _— — — 7 days 
283 Control No S. minus D. 7 days a — — 7 days 
284 Control No S. minus D. 7 days — — — 7 days 


inoculated with the normal strain, showed no patent 
infection; but no. 291, inoculated with the relapse 
strain, showed a few parasites in the peripheral blood 
on one day. No. 292 was superinoculated with 7’. 
lewisi at the same time and developed a normal in- 
fection. All the five rats (290-294) died with relapses 
of T'. equinum 19-45 weeks after the first inoculation 
with that trypanosome. The control rats, inoculated 
only with 7’. eguinum, were all dead in 6 days (275-— 
279). The results for the rats inoculated with T. 
equinum 6 weeks after Spirillum minus were more 
variable. One of them (298) developed an acute in- 
fection and died on the 15th day; another (296) 
developed a mild infection from which it recovered, 
but 2 days later a relapse set in and it died on the 
llth day. Nos. 295, 297 and 299 had only slight 
transient primary infections and survived for 31, 32 
and 49 weeks respectively. No. 295 was reinoculated 
after an interval of 16 weeks with the normal strain of 


Trypanosoma equinum and no. 297 with a relapse 
strain, but neither rat developed a patent infection. 
No. 299 was superinoculated with 7’. lewisi, at the 
same time as nos. 295 and 297 were reinoculated with 
T. equinum, and a normal infection resulted. The 
control rats, inoculated with 7’. eguinuwm only, were 
all dead in 7 days (nos. 280-284). 

These results confirm those given in Table 2 and 
show that an existing infection with Spirillum minus 


renders rats refractory to infection with Trypanosoma | 


equinum and that this resistance tends to decrease 
about 4—6 weeks after the time of inoculation with 
Spirillum minus. The resistance due to S. minus is 
later replaced, in the rats inoculated with the try- 
panosome, by a specific resistance which protects the 
animal against reinoculation with the same species 


of trypanosome (i.e. Trypanosoma equinum) but not | 


against a different species (i.e. 7’. lewisi). Rats re- 
inoculated with a relapse strain of 7. equinum, 
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th which was isolated from rat 227 which had died with 7. equinum and were then killed. Rats 198-202 
arelapse 36 weeks after inoculation, did not differ were inoculated with 7’. lewisi and developed normal 
significantly in their resistance to reinfection from primary infections with this parasite. They were 
rats reinoculated with the parent strain of this try- superinoculated with 7. equinum 4 weeks later, and 
rvival panosome. they all developed acute infections from which they 
er first (6) Trypanosoma equinum infection in rats also died in 7-12 days. Rats 211-214 were control 
quinum infected with Spirillum minus, or Trypanosoma lewisi animals and were inoculated with 7. eqguinum only. 
inoc. or both Spirillum minus and Trypanosoma lewisi. In They all became acutely infected and died in 10-17 
eeks R. this experiment (Table 4) four rats (nos. 203-206) days. These results show clearly that an existing 
eeks 
eeks R. Table 4. Effect of inoculation of rats with Trypanosoma lewisi, or Spirillum minus, or both Trypanosoma 
= - lewisi and Spirillum minus, and of subsequent superinoculation with Trypanosoma equinum 
Tee . 
—_ Rats 10 weeks old at the start of the experiment 
ays First Second Survival 
ays T. lewisi S. minus T. equinum T. equinum after first 
ays Rat inoc. inoc. inoc. inoc. T. equinum 
ays no. result result Interval result Interval result inoc. 
yeeks R. 203 +++ + 4 weeks + 21 weeks 0 K. 24 weeks 
yveeks R. 204 +++ = 4 weeks o 21 weeks 0 K. 24 weeks 
reeks R. 205 ++ + 4 weeks - 21 weeks 0 K. 24 weeks 
veeks R. 206 +++ + 4 weeks D. 17 days == —_ 17 days 
wanes 207 _ + 4 weeks + 21 weeks 0 K. 24 weeks 
jays 208 _ + 4 weeks o 21 weeks 0 K. 24 weeks 
lays 209 — + 4 weeks a 21 weeks 0 K. 24 weeks 
lays 210 — + 4 weeks + 21 weeks 0 K. 24 weeks 
_ 198 ++++ — 4 weeks D. 7 days — —_ 7 days 
. ' 199 +++ — 4 weeks D. 7 days — —_— 7 days 
veeks R. 200 +++ — 4 weeks D. 7 days — —_ 7 days 
lays R. 201 +++4+ — 4 weeks D. 8 days — —_— 8 days 
veeks R. 202 ++++ — 4 weeks D. 12 days —_ —_— 12 days 
ays 211 Control, no 7’. lewisi or — D. 17 days — — 17 days 
vooks S. minus 
lays 212 Control, no 7’. lewisi or — D. 10 days — — 10 days 
lays S. minus 
lays 213 Control, no 7’. lewisi or — D. 13 days _ — 13 days 
lays S. minus 
lays 214 Control, no 7’. lewisi or —_ D. 15 days — —_— 15 days 
S. minus 
a relapse 
infection were inoculated with Trypanosoma lewisi and _ infection with 7. lewisi does not give any resistance 
were & Spirillum minus simultaneously and developed towards 7’. equinum, and that the resistance in- 
lated with normal infections with these parasites. Four weeks duced by Spirillum minus is not changed by a co- 
ted. The later they were inoculated with Trypanosoma existing infection with Trypanosoma lewisi. 
nly, were equinum. One rat, no. 206, developed an acute in- (7) Trypanosoma lewisi and T. equinum infection 
eal fection and died on the 17th day, but the others, in rats also infected with Spirillum minus and the 
ble ° nos. 203-205, had only transient patent infections. effect of subsequent cross-inoculations with the two 
nu ee They were reinoculated with 7’. equinum 21 weeks trypanosomes. Previous infection with Spirillum 
panosom } later but did not show a patent infection in the blood, minus also induces resistance to later infection with 
/ — and they all survived to 24 weeks after the first in- Trypanosoma lewisi, although, as this species is not 
tion With F culation with 7’. equinum and were then killed. pathogenic, the results are less striking than with 7’. 
- minus 8) Rats 207-210 were inoculated with Spirillum minus equinum. In the experiments of which the results are 
h the ps and 4 weeks later they were inoculated with Try- given in Table 5 two groups of four rats were in- 
otects tt panosoma equinum. They all showed slight transient oculated with Spirillum minus and a third group was 
ne — patent infections, and 21 weeks later they were re- kept as controls. Two weeks later one of the groups 
n) but} inoculated with T’. equinum. This inoculation pro- infected with S. minus was inoculated with Try- 
Rats ae | duced no patent infection in the blood, and they all panosoma lewisi (nos. 241-244) with the result that 
equinu™ ) survived for 24 weeks after the first inoculation with 


three of them developed slight patent infections and 
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Table 5. The course of Trypanosoma lewisi and T. 


Antagonism of Spirillum minus to Trypanosoma 


equinum infection in rats previously inoculated with 


Spirillum minus and the effect of subsequent superinoculation with Trypanosoma equinum or T. lewisi 


Rats were 9 weeks old at 


First 
S. minus T. lewisi 
Rat inoc. inoc. 
no. result Interval result 
241 a 2 weeks + 
242 a 2 weeks + 
243 + 2 weeks (+) 
244 on 2 weeks 0 
258 Control, no S. minus +++ 
259 Control, no S. minus +++4+ 
239 Control, no S. minus or — 
T. lewisi 
240 Control, no S. minus or —_ 
T. lewisi 
First 
T. equinum 
inoc. 
result 
245 ~ 4 weeks (+) 
246 + 4 weeks (+) 
247 + 4 weeks (+) 
248 + 4 weeks (+) 


the fourth (no. 244) showed no parasites in the peri- 
pheral blood within the normal incubation period. 
Sixteen weeks later rats 241 and 242 were super- 
inoculated with 7. equinum and died on the eighth 
and tenth days respectively; whereas rats 243 and 
244, which were reinoculated with 7. lewisi at the 
same time, showed no trypanosomes in the peri- 
pheral blood within the next 2 weeks. The two 
control rats, 258 and 259, which were inoculated with 
T. lewisi at the same time as nos. 241-244 received 
the first 7’. lewisi inoculation, developed infections of 
normal heaviness. The second group, which had been 
inoculated with Spirillum minus, nos. 245-248, was 
inoculated with Trypanosoma equinum 4 weeks 
afterwards, and they all developed only very slight 
transient infections from which they recovered. 
Fourteen weeks later two of them, nos. 245 and 246, 
were reinoculated with 7’. equinum and the other 
two, nos. 247 and 248, were superinoculated with 
T.. lewisi. Those reinoculated with 7’. egquinum were 
resistant, one (no. 246) developed a slight transient 
patent infection, but the other (no. 245) showed no 
parasites in the peripheral blood. The two rats in- 
oculated with 7’. lewisi, however, showed no re- 
sistance to this species, and both of them developed 
infections of normal heaviness. Two control rats, 
nos. 239 and 240, were inoculated with T'. egquinum 
only, and died on the ninth and fifth days re- 
spectively. 

These results show that the resistance to trypano- 
somes induced by Spirillum minus is not specific but 


the start of the experiment 


Second Survival 
T. lewisi T. equinum after 
inoc. inoc. T. equinum 
Interval result result inoc. 
16 weeks — D. 8 days 8 days 
16 weeks —_ D. 10days 10 days 
16 weeks 0 — — 
16 weeks 0 — = 
—_ —_ D. 9 days 9 days 
— — D. 5 days 5 days 
Second Survival 
T. equinum T. lewisi after first 
inoc. inoc. T. equinum 
Interval result result inoc. 
14 weeks 0 — K. 16 weeks 
14 weeks (+) -— K. 16 weeks 
14 weeks — +++ K. 16 weeks 
14 weeks -- +++ K. 16 weeks 


is effective against such widely different species as 
Trypanosoma equinum and T’. lewisi. This general 
resistance gradually disappears, but it is replaced by 
a specific resistance to reinfection with the same 
species of trypanosome. In this phase there is no 
cross-resistance towards a different species of try- 
panosome and a rat strongly resistant to 7’. equinum 
is susceptible to infection with 7’. lewisi; and, con- 
versely, a rat resistant to 7’. lewisi is susceptible to 
infection with T. equinum. 


DISCUSSION 


When 7. equinum is inoculated into rats made 
resistant by a prior infection with Spirillum minus, 
usually a mild patent infection supervenes and a few 
trypanosomes appear in the blood on several suc- 
cessive days, but sometimes trypanosomes cannot be 
seen by microscopical examination of the blood for 
several weeks. Occasionally the resulting infections 
are moderately heavy and trypanosomes may be 
numerous in the blood for several days and then dis- 
appear. Sometimes these moderately heavy in- 
fections wax and wane for a week or two before the 
animals either die with an intense infection oF 
apparently recover and trypanosomes disappear from 
the peripheral blood. If the apparently recovered 
rats, or those in which no patent infection resulted 
immediately after inoculation, are examined over 4 
long period they almost always show a few trypano- 
somes in the peripheral blood at intervals on one oF 
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several days; and in most cases the resistance ulti- 
mately breaks down and the animals develop an 
intense relapse and die. The few rats which died 
without a relapse may have died from an inter- 
current infection; but in some cases the bodies had 
been eaten by other rats in the cage so that the cause 
of death could not be determined. Probably the 
resistant rats retain throughout life a subpatent in- 
fection which is liable at any time to overcome the 
resistance and produce a fatal relapse. 

By analogy with the behaviour of relapse strains 
of trypanosomes derived from animals treated with 
subeurative doses of drugs (Lourie & O’Connor, 
1937), it might be expected that ‘relapse strains’ of 
trypanosomes, developing in the rats in which the 
primary acute stage of infection was suppressed by 
S. minus, would differ immunologically from the 
parent strain; and, therefore, that rats, although 
refractory to reinoculation with the parent strain, 
would be susceptible to reinoculation with the relapse 
strain. The few experiments done to test this point 
gave inconsistent results, but in most cases the rats 
were as refractory to reinoculation with the relapse 
strain as to reinoculation with the parent strain. 

The nature of the primary resistance induced by 
the acute phase of infection with S. minus is com- 
pletely unknown. It is possible that the trypano- 
somes which are killed during this phase act anti- 
genically and thus induce the ‘specific’ resistance, or 
immunity, towards the particular species of try- 
panosome involved. In this manner the S. minus 
infection indirectly causes the specific trypanosome 
resistance which persists when the resistance due to 
acute S. minus infection has been lost. The action of 
8. minus therefore would be comparable with that 
described by Rosenthal (1918) for sodium antimony 
tartrate which, when administered to heavily in- 
fected animals, kills many trypanosomes, and these 
dead parasites stimulate the production of trypano- 
cidal immune bodies by the host. It is interesting 
that in rat 296, which was inoculated with Trypano- 
soma equinum 6 weeks after Spirillum minus, when 
the blood had been negative for spirilla for fourteen 
examinations spread over 3 weeks, the mild in- 
fection which resulted was followed in 3 days by a 
fatal relapse, during the course of which S. minus was 
seen microscopically in the blood on 2 days together 
with the trypanosomes. This shows that, after the 
initial acute phase of infection, S. minus does not 
confer immunity by its presence in the blood, and it 
indicates that relapses do not arise when the S. 
minus infection dies out but are due to a breakdown 
in the specific trypanosome resistance. The S. minus 
infection may be considered to act in a manner 
analogous to that by which subcurative doses of 
Some trypanocidal drugs suppress the acute phase of 
infection and lead to the development of chronic in- 
fections. The specific trypanosome resistance, de- 


veloped after the primary general resistance arising 
from the S. minus infection, is probably due to a 
state of ‘premunition’ which is controlled by the 
immune reactions of the host. This state is only a pre- 
carious balance between host and parasite and is 
liable to break down, perhaps owing to the develop- 
ment, or increase in relative numbers, of immuno- 
logically different trypanosomes which overcome the 
host resistance and produce a relapse although no 
direct evidence for an immunological difference 
between the parent strain and a relapse strain was 
obtained. There is a close parallelism between the 
behaviour of a trypanosome infection in rats har- 
bouring S. minus and the behaviour of drug-fast 
strains of trypanosomes in relation to subcurative 
doses of drugs and the immune reactions of the host, 
such as was described by Schnitzer & Silberstein 
(1928) under the term ‘chemical action + Ictus 
immunisatorius’, and was discussed by Robertson 
(1929) in relation to the general problem of drug 
fastness in Protozoa. 

It was found that in mice, although an existing 
infection with Spirillum minus would prolong the 
life of animals inoculated with Trypanosoma 
equinum for 24 hr. compared with control mice, no 
long-term resistance such as occurs in rats could be 
demonstrated. In this respect Spirillum minus 
differs from the recurrent fever spirochaetes which 
greatly influence the course of a trypanosome in- 
fection in mice as well as in other animals. In 
general, the recurrent fever spirochaetes strongly 
inhibit the development of trypanosomes when the 
two parasites are inoculated simultaneously; but 
S. minus does not influence the course of a trypano- 
some infection under such conditions and the an- 
tagonistic action is strongest when inoculation with 
trypanosomes is delayed for one or two weeks after 
the inoculation with S. minus. 

In previous work upon antagonism between S. 
minus or spirochaetes and trypanosomes attention 
has been concentrated on inoculation with one 
species of trypanosome at a time and, consequently, 
in the work published there is no indication if any 
specific trypanosome resistance is developed apart 
from the antagonistic action of the spirochaetes. The 
replacement of the non-specific trypanosome inhibi- 
tion, due to the S. minus infection, by a specific try- 
panosome resistance, which is probably due to a host 
reaction induced by the antigenic action of dead 
trypanosomes, is described for the first time in the 
present work. It would also appear that in mixed in- 
fections with S. minus and Trypanosoma equinum or 
T. lewisi the specific trypanosome resistance, once 
established, is not dependent on the continued 
presence of spirilla in the blood and that the ultimate 
breakdown in the host resistance to the trypano- 
some infection is not determined by the elimination 
of the Spirillum minus infection. 
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SUMMARY 


1. Rats infected with Spirillum minus are 
strongly resistant to infection with Trypanosoma 
lewisi and T. equinum if inoculated with these 
parasites shortly after inoculation with Spirillum 
minus. The resistance is most highly developed for 
a period of from 2 to 4 weeks after inoculation with 
S. minus. 

2. Simultaneous inoculation of rats with S. minus 
and either of the trypanosomes does not influence the 
course of the resulting trypanosome infection. 

3. Rats inoculated with Trypanosoma equinum 
during the period of acute infection with Spirillum 
minus develop only a very slight transient primary 
infection with the trypanosome and may survive for 
many weeks, up to 49, whereas control rats die in 
5-17 days. Usually the resistant rats ultimately 
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die from a relapse of the Trypanosoma equinum 
infection. 

4. Similarly, in rats inoculated with 7. lewisi 
during the resistant phase due to an infection with 
Spirillum minus, the primary acute infection with 
the trypanosome is suppressed and the rats develop 
a slight or subpatent infection. 

5. The non-specific resistance to trypanosomes 
conferred by the acute S. minus infection soon dis. 
appears and is replaced by a specific trypanosome 
resistance which is active only against reinoculation 
with the same species of trypanosome. Thus, in this 
phase of resistance, a rat infected with Trypanosoma 
equinum is refractory to reinoculation with 7. 
equinum but has no resistance to superinoculation 
with 7. lewisi. Conversely, a rat infected with 7. 
lewisi is refractory to reinoculation with that species 
but it is as susceptible to superinoculation with 
T. equinum as a normal rat. 
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LEPTOMONAS CAPSULARIS N.SP. AND OTHER FLAGELLATES 
PARASITIC IN CLETUS OCHRACEUS (HEMIPTERA) 


By ALFRED J. GIBBS, Honorary Research Assistant, Department of Zoology, 
University of Cape Town 


(With 19 Figures in the Text) 


It has recently been shown (Gibbs, 1950), in the case 
of Crithidia familiaris, parasitic in the digestive 
tract of Cenaeus carnifex (Hemiptera), that resistant, 
infective bodies are produced in the hind-gut by an 
unequal division of leptomonads. One of the two 
daughter-cells fails to grow a flagellum but remains 
attached, by a thread, to the flagellum of the other. 
Later, the uon-flagellate body becomes more com- 
pact in form and finally becomes invested in a tough, 
protective periplast. It then becomes detached from 
the parent flagellate. Large numbers of these bodies 
are scattered in the faeces, and it has been shown that 
they are capable of infecting fresh insects when 
ingested. The purpose of the attachment of the non- 
motile, immature infective body to an active 
flagellate is apparently to prevent its being pre- 
maturely swept from the gut. 

Another flagellate, parasitic in a sap-feeding insect 
common in the Cape Peninsula, South Africa, Cletus 
ochraceus (Hemiptera, Coreidae), is now described. 
This organism produces resistant bodies of a very 
similar type, although the method by which they 
are formed differs greatly from that in Crithidia 
familiaris. 

The present parasite, which infects about 50 % of 
the insects, is found in the hind-gut and rectum; on 
rare occasions the gastric caeca are also heavily 
infected, but the mid-gut is never involved. Resis- 
tant bodies are produced and found only in the 
rectum. Leptomonads are occasionally found in the 
salivary glands, but it is almost certain that these 
parasites, which are described below, are not 
identical with those found in the digestive tract. 


FORMS IN HIND-GUT 


The first phase of the infection occurs in the hind-gut. 
The forms involved are moderately active lepto- 
monads measuring from 20 to 354 in length. The 
flagellum is about as long as the body. The anterior 
end of the body is broad and rounded, while pos- 
teriorly it tapers to a somewhat blunt tip. The 
nucleus is always located within the anterior half of 
the flagellate; the kinetoplast is large, often extend- 
ing completely across the body, and is located 


midway between the nucleus and the anterior 
extremity. Often there is considerable twisting of 
the body (Fig. 1). 

These leptomonads are always free in the gut 
contents and do not exhibit any tendency to attach 
themselves to the tissue of the gut when examined 
in saline. Usually there is no cluster formation, but, 
at a late stage of the infection, when the rectum is 
also heavily involved, cluster formation may take 
place among the flagellates when liberated into 
saline. Enormous numbers of them may then form 
almost solid masses in which the flagella are always 
directed towards the centre of the cluster. Even 
during this stage, however, they do not adhere to 
gut tissue when portions are included in the pre- 
paration. Occasionally the gastric caeca contain 
large numbers of leptomonads similar to those found 
in the hind-gut, but in that situation they are 
practically non-motile, although when liberated 
into saline they travel fairly actively. 


ENCAPSULATED FORMS 


A phenomenon frequently encountered in the gut is 
the envelopment of individual leptomonads with 
a soft, elastic substance or capsule, within which one 
division usually takes place, after which the 
enveloping material apparently becomes dissolved 
or absorbed and the two daughter leptomonads 
separate. The first indication that the parasite is 
about to begin secreting the enveloping material from 


which the capsule is later formed is the intermittent | 


folding back against itself of the body, for a distance 








of about one-third of its length. The bending takes | 


place in the anterior part of the body (Fig. 2). While 
this periodical bending and straightening action 
continues a transparent, jelly-like substance becomes 
apparent at the angle of the bend of the body (Fig. 3). 


— 


At a later stage it periodically adopts a progressively | 


more rounded form, although the flagellum remains 
free and active and may impart a rotary movement 
or travel. The area enclosed by the body is now filled 
with the gelatinous material, and when the body 
temporarily assumes a more straightened form this 
substance can be seen connecting the hollow side 
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Fig. 1. Leptomonad found in hind-gut. (Dry-fixed and stained by Leishman’s method.) 

Fig. 2. Leptomonad with body bent preliminary to secreting material later forming capsule. (Fresh.) 

Fig. 3. Leptomonad showing secretion. (Fresh.) 

Fig. 4. Ring form, with secreted material occupying centre. (Fresh.) 

“— Encapsulating form momentarily straightening and showing secreted material connecting flagellum with 
y. (Fresh.) 

Fig. 6. Completely encapsulated leptomonad. (Fresh.) 

Fig. 7. Same after first division. (Fresh.) 

Fig. 8. Encapsulated leptomonads showing momentary extrusion of flagella and stretching of membrane. (Fresh.) 

Fig. 9. Encapsulated leptomonad. (Stained, not showing capsule.) 

F ig. 10. Early stage of division of encapsulated leptomonad. (Stained.) 

Fig. 11. Later stage of same. (Stained.) 

Fig. 12. Dividing encapsulated form, cytoplasmic cleavage not complete. (Stained.) 

Fig. 13. + ain separating after disappearance of capsule. (Stained.) 

Fig. 14. Solitary encapsulated form. (Fresh.) 
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of the body with the flagellum, which doubles back 
in a posterior direction (Figs. 4, 5). The flagellum is 
very active, but however it moves the continuity of 
the enclosed material is never broken. It appears, 
at this stage, like an elastic film which conforms 
instantly to changes of shape due to movements of 
the body and flagellum. Later, the ring form becomes 
constant and the material is confined to the interior 
space. The flagellum remains continuously active 
but is not always protruded. Often it moves 
vigorously in the interior part of the ring and is 
intermittently shot out into the surrounding saline, 
then retracted and shot out again from another 
point. It is difficult to decide whether the gelatinous 
material later envelops the entire organism and is 
bordered by a delicate membrane or whether the 
material is used up entirely in the production of the 
membrane, which measures about 8 » in diameter 
(Fig. 6). 

After the development of the membrane, the 
movement of the enclosed leptomonad is exceedingly 
vigorous and may, perhaps, best be described as an 
incessant ‘tying itself into knots’ in a manner much 
too rapid to be followed. The flagellum is, during this 
stage, confined within the membrane and takes part 
in the general movement of the organism. One 
division then takes place and results in two identical 
flagellates, the membrane meanwhile increasing in 
diameter to about 11 » (Fig. 7). This division follows 
the usual lines and is illustrated in Figs. 9-11. Only 
at one stage is the division in any way abnormal. 
After duplication of the kinetoplast and nucleus 
cytoplasmic cleavage begins, as always in this genus, 
at the anterior tip but does not extend in continuous 
progression until the two flagellates are entirely 
separate. When cleavage has extended almost to the 
posterior end it is halted for a time and the two 
parasites then appear as if fused end on (Fig. 12). 
This has been seen in very numerous instances and 
is almost certainly not an illusion due to the tips 
overlapping. Adie (1921), vide infra, describes conju- 
gation forms of Leishmania donovani as approaching 
each other and fusing end on. It appears possible 
that she was observing dividing encapsulated lepto- 
monads which had reached the stage described 
above. Later, cleavage becomes complete and the 
two leptomonads separate but are confined within 
the bounds of the membrane. After this there is, in 
principle, a reversal of the process of envelopment. 
The two flagella, working either in unison or in- 
dependently, commence to protrude momentarily, 
drawing out the membrane with them (Fig. 8). When 
they are withdrawn the membrane immediately 
reverts to its round form. When the flagella act 
independently they may be seen protruded simul- 
taneously from different points. Later, the mem- 
brane disappears and the leptomonads separate. 
Although the disintegration of the membrane has 
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not been observed on the living organism, stained 
preparations show instances very suggestive of 
separating forms (Fig. 13). 

It has not been found possible to follow through 
the cycle on one individual as, apparently, the 
necessarily artificial conditions preclude its com. 
pletion. A preparation containing large numbers of 
active enveloped forms has been maintained in the 
living state in saline for 48 hr. without any indica- 
tion of loss of the capsule. Occasionally the gut 
contents may include a very large number of 
rounded forms at various stages. Actually it is not 
unusual to find a larger number of rounded and 
encapsulated leptomonads than the more normal 
forms. In neither wet- nor dry-fixed preparations 
has it been found possible to stain either the gela- 
tinous material or the capsule. These have only been 
seen in fresh, living or dead, material. Stained 
preparations show the early bending of the lepto- 
monad, the rounded form with both free and re- 
tracted flagellum, dividing forms and the resultant 
two individuals, both united and separating. 

Division in the encapsulated state apparently 
does not always take place, instead the leptomonad 
gradually reverts to its elongate condition and 
remains, for a while, enveloped in a remarkable 
sheath, the width of which is about twice that of the 
enclosed flagellate. In this case it appears certain 
that, immediately surrounding the leptomonad, there 
is a semi-solid, transparent substance, as neither the 
flagellum nor the body exhibit any side to side move- 
ment within the membrane, the unit always moving 
as a whole (Fig. 14). The flagellum moves in a slow, 
deliberate snake-like manner and is not capable of 
imparting motility, except through semi-solid 
matter. 

The absorption or dissolving of the enveloping 
material has frequently been observed in the case of 
elongate, solitary individuals. As the investing 
substance disappears, the flagellum becomes pro- 
gressively more active. Eventually the organism 
becomes capable of travelling in saline. On more than 
one occasion a heavily invested leptomonad has been 
observed with its posterior tip adhering to gut tissue. 


.The gradually increasing activity of the flagellum, 


owing to the progressive absorption of the membrane, 
caused the attached tip to be drawn out until 
eventually it was pulled into a long, fine filament. In 
about 40 min. the thread had broken and the lepto- 
monad moved away with no observable covering. 
The enveloped forms described here are essentially 
similar to those described by Adie (1921) as being 
intracellular forms of Leishmania donovani found in 
the gut of Cimezx lectularius, but she stated that 
multiplication continued until the sphere contained 
from four to sixteen flagellates. The sphere then 
burst. She also described syngamy, but this is 
unconvincing. Patton (1922) supported her findings, 
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but Cornwall & La Frenais (1922) were unable to 
confirm her discovery of intracellular forms of 
Leishmania donovani in Cimezx lectularius after a 
study of sectioned material. Regarding the enveloped 
forms, which they term ‘thick tails’, they say: ‘This 
is clearly an encapsulated flagellate. Occasionally 
two flagellates may be seen enclosed in the same 
capsule, having arisen presumably by division of the 
first. ... It is very difficult to follow the contortions 
of the bodies within the capsule in the living state 
and the capsule cannot be stained, so that in a smear 
one cannot say whether one is looking at an ordinary 
bunch of flagellates or at an encapsulated form.’ 
In the present case there is no evidence that the de- 
velopment of the capsule takes place intracellularly. 














Fig. 15. Forms found in rectum. 





(Semi-diagrammatic representation of developmental stages. 
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polymorphism; there are usually found, con- 
currently, all stages, from the active, free leptomonad 
to the mature resistant body. When the rectum is 
ruptured in saline, forcibly detached leptomonads 
at once form clusters which are continually added 
to by fresh individuals, or they may immediately 
re-attach themselves, en masse, to portions of the 
rectal tissue. 

When the leptomonads first establish themselves 
and become adherent they exhibit swaying move- 
ments but remain firmly anchored by the flagellum 
(Fig. 15a). Then follows a shortening of the flagellum, 
together with a narrowing of the posterior end of the 
body (Fig. 156). When these forms become detached 
from the tissue in saline the shortened flagellum 


15 
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Fixation in 


Schaudinn’s solution and staining with Ehrlich’s haematoxylin and eosin.) 


There is also no difficulty in recognizing rounded 
encapsulated forms in stained preparations, as 
division does not proceed beyond the production of 
two flagellates, which, by their peculiar form, are 
not likely to be confused with the more usual lepto- 
monads. 


FORMS IN RECTUM 


Although free-moving leptomonads about 19 » long 
may be observed in the rectum, a marked charac- 
teristic of the parasites in this location is their 
adherence, by the flagella, to the rectal walls. When 
the rectal epithelium is entirely covered with lepto- 
monads, fresh forms from the hind-gut form them- 
selves into long ‘ropes’ which may attain a length of 
about 13mm. In the rectum there is marked 


vibrates, but there is no locomotion. Very frequently 
the entire surface of the rectum is covered by 
leptomonads of this type, which, within the gut, 
exhibit no form of movement. At a later stage the 
flagellum disappears entirely, but the body remains 
adherent at its anterior tip (Fig. 15c). From this 
point certain of the adherent parasites undergo a 
series of divisions (Fig. 15d, e, f, g, h) which produce 
progressively smaller and more ovoid forms cul- 
minating in minute leishmania-like forms (Fig. 157) 
which develop into resistant bodies. The leish- 
manials differ from their precursors the leptomonads 
in the absence of an intra-cytoplasmic axoneme, or 
rhizoplast, while in the final and smallest body the 
nucleus appears as a compact block of chromatin 
when wet-fixed and stained, in distinction from the 
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previously vesicular type of nucleus, while the 
cytoplasm is hyaline and remains almost unstained. 
These forms measure about 3-5 by 1-75 » when dry- 
fixed, and represent the last stage in which the 
internal structure is stainable after dry-fixation. 
As it matures the body develops a tough protective 
periplast. Although unstainable by Leishman’s or 
Giemsa’s method after dry-fixation, the interior of 
the mature resistant body can always be revealed if 
Ehrlich’s haematoxylin is used following fixation 
in Schaudinn’s solution (Fig. 157). No cyst wall is 
visible after either technique. In contradistinction 
to the resistant bodies of Crithidia familiaris, in 
which the nucleus lies diagonally, or is U-shaped, at 
the extreme end of the body, the nucleus in the present 
species is always rounded. The kinetoplast is well 
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includes many chromatoid or volutin granules. At 
a late stage the resistant bodies can be seen in large 
numbers adhering to the posterior ends of the fixed, 
elongate forms; finally, the bodies become free and 
lie in masses in the rectum. They are found in large 
numbers in the faeces. 


LEPTOMONADS IN SALIVARY GLANDS 


The salivary glands are only rarely infected, the 
incidence being about 1 %. The largest leptomonads 
are about 95 » long with flagella of about one-tenth 
of that length. (The longest flagellum of any form 
in the salivary glands is about 9 y.) The anterior end 
of the body is rounded and almost immediately 
commences to taper towards the posterior end. The 





Fig. 16. Cluster of flagellates from rectum. 


separated from the nucleus and stains brilliantly. 
Fig. 16 was drawn from a small cluster showing 
various stages. 

Resistant bodies of C. familiaris are attached 
until mature to the flagella of free, motile lepto- 
monads by minute cytoplasmic threads, even after 
the development of the protective periplast. In the 
present organism no such thread exists, and, in its 
final stages, the resistant body appears to adhere 
to other members of the group owing to a certain 
stickiness of the envelope. It is not unusual to find 
a fast-moving leptomonad in the rectum with the 
entire surface of its body plastered with numbers of 
resistant forms. They always lie flat along the flagel- 
late and are never found adhering to the flagellum. 

It is interesting to note that large numbers of 
leptomonads do not appear to divide and produce 
resistant bodies, but remain, instead, in an elongate 
state, without flagella but firmly fixed to the rectal 
walls. The cytoplasm of such forms is vacuolated and 





(Stained. Same magnification as Fig. 15.) 


posterior half of the body is extremely attenuated, 
while the last quarter is drawn out into a fine filament 
(Fig. 17). The nucleus is located anteriorly, and the 
kinetoplast is set well forward. A curious charac- 
teristic of the flagellum is that it does not taper away 
towards its tip but is of uniform thickness throughout 
its length, with the result that it has a ‘broken off’ 
appearance at the end. Within the gland these 
leptomonads do not travel, but the flagella move 
with a slow, snake-like oscillation in which the 
anterior end of the body takes part. When liberated 
into saline the flagella are active, but there is no 
locomotion. Smaller leptomonads of about 15p, 
with flagella about half that length, are also present. 
Like the larger forms they do not travel, either 
within the gland or in saline. There are also large 
numbers ofsmaller, elongate forms which are entirely 
devoid of flagella. These are about 7-6 » long and are 
the only forms which do not exhibit the attenuated 
posterior tip. The periplast is ridged, often in spiral 
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fashion around the body, but this can only be seen 
in the fresh state (Fig. 18). The nucleus is usually 
central (Fig. 19). These aflagellate bodies are distri- 
buted throughout the gland in isolated clusters like 
tightly packed bundles of cigars and are also found 
in the hind-gut in a heavy infection. Nothing has 
been discovered which gives any indication of the 
means by which the parasite gains entrance to the 
gland. 


DISCUSSION 


A comparison of the gut forms with C. familiaris 
reveals that, apart from the development of an 
undulating membrane in the latter, there are two 
main distinctions. First, in the case of C. familiaris 
formation of the resistant bodies takes place in the 
hind-gut, and only the mature bodies are found in 
the rectum. In the present organism the bodies are 
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There seems little doubt that the salivary gland 
parasite differs specifically from the gut flagellate. 
Salivary gland infection has been found in large 
numbers in insects not harbouring gut parasites, 
while the majority of insects infected in the gut ex- 
hibit clean salivary glands. As the only recognizable 
form of the salivary gland organism found in the gut 
is the small, non-flagellate body, it appears likely 
that they represent infective forms which are 
possibly transmitted, during feeding, to the plant 
juices. The explanation of the presence of these 
forms in the gut of insects with salivary gland 
infection might be that a certain number, injected 
with the saliva, are ingested by the same insect. At 
the same time it must be pointed out that neither 
these bodies nor any other form of the parasite has 
been found in the juices of the plants upon which the 
insects feed. 
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Fig. 17. Long leptomonad from salivary gland. (Stained.) 
Fig. 18. Small aflagellate form from salivary gland. (Fresh.) 


Fig. 19. Same (Stained.) 


formed in the rectum and are not found in any more 
anterior situation. Secondly, in C. familiaris the 
body is produced by maturation after only one 
division of an active leptomonad. In the present 
species the organism undergoes a series of divisions, 
each producing progressively smaller forms, until 
@ minute body results which develops into the fully 
resistant form. The staining reactions of the protec- 
tive periplast of the two organisms also differ. That 
of C. familiaris exhibits a strong affinity for eosin, 
whereas the envelope of the present resistant body is 
quite unstainable. No explanation is offered regarding 
the function of the encapsulated forms. The division 
which takes place within the sphere appears per- 
fectly normal and there is no evidence of a sexual 
process. A study of the available literature affords 
no evidence that this organism has hitherto been 
studied or described, and it is, therefore, regarded 
a8 a new species for which the name capsularis is 
proposed. 


In view of the lack of positive evidence that this 
parasite differs specifically from that found in the 
digestive tract no specific name is proposed. 


Definition of new species ’ 


Leptomonas capsularis is found in the hind-gut, 
rectum and (rarely) gastric caeca of Cletus ochraceus 
(fam. Coreidae; order Hemiptera) a sap-feeding 
insect found in South Africa. The leptomonads 
measure from 20 to 35 long, the flagella being of 
equal length. The body is frequently twisted. The 
nucleus is located within the anterior half of the body, 
while the kinetoplast is large and lies about midway 
between the nucleus and the anterior tip. Encap- 
sulated forms are numerous, one division usually 
occurring within the capsule. Resistant bodies result 
after a series of divisions of leptomonads adherent 
to the walls of the rectum. The resistant bodies 
measure about 3-5 by 1:75 when dry-fixed. They 
are found only in the rectum. 
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